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Title Method, apparatus and components of dialysis syst 



ems 



Field of the Invention 

The invention relates to method, apparatus and components 
of dialysis systems, such as peritoneal dialysis, hemodialysis, 
hemodiaf iltration or hemof iltration systems. 

Background of the Invention 

Kidney dysfunction is a serious and life-threatening 
condition wherein the kidneys of a mammal do not function 
properly to remove impurities, remove excess water and perform 
other physiologically important activities. A person affected 
with kidney dysfunction needs to undergo regular dialysis 
treatments so that the blood can be purified and water removed. 

in one type of conventional dialysis procedure, peritoneal 
dialysis (PD) , a PD fluid is administered to the peritoneal 
cavity of a mammalian patient to dwell there and later be 
removed as a spent dialysate. Waste products are transferred to 
the PD fluid and are removed together with the spent dialysate. 
An osmotic agent in the PD fluid causes removal of excess 
water. A buffer in the PD fluid causes replenishment of the 
body buffer. Further electrolytes are balanced by the PD fluid. 

Because PD fluid is passed into the patient ' s body there 
is a risk of infection, which sometimes results in peritonitis . 

For performing peritoneal dialysis, couplings are used for 
connecting a catheter ending in a peritoneal cavity to a source 
of PD fluid. In an attempt to reduce patient infection, such 
couplings are made as "aseptic" or "sterile" couplings. 
Although aseptic couplings aid in reducing contamination of PD 
fluid, each coupling may permit entry of potentially harmful 
microorganisms, such as bacteria and fungi, into an otherwise 
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sterile PD system, and, eventually, being transfer to the 
peritoneal cavity. Reducing the number of these couplings may 
reduce the risk of infection and peritonitis. 

Traditionally, sterile PD fluid is stored in, and 
administered to a patient from, a plastic fluid bag. An aseptic 
coupling is typically used to connect the fluid bags to the 
catheter of the patient. Each coupling increases the chances 
of bacterial and other contamination. 

The two most common forms of PD, namely, continuous 
ambulatory peritoneal dialysis (CAPD) and automatic peritoneal 
dialysis (APD) , require many fluid bags to be used per year. 
CAPD normally relies on gravity to fill and drain PD fluid 
originating in a bag set and provides continuous treatment 
while the patient is still relatively free to move. Fluid 
exchanges are normally performed during the daytime. APD relies 
on the use of a cycler for pumping PD fluid from fluid bags to 
perform patient fill and drain cycles, usually overnight, while 
the patient is asleep. In both cases, a particular prescription 
of PD fluid is manufactured and packeaged in one or more bags 
under sterile conditions at a production plant, and the bags 
are then shipped to a patient or physician. 

However, the use of PD fluid bags has a number of 
drawbacks and disadvantages. Every patient has different 
dialysis requirements, and those requirements may be different 
at different times, and therefore benefits from use of a PD 
fluid that specifically meets the patient's needs. As a result, 
manufacturers of PD fluid have to make and deliver many 
different formulations of PD fluid. This often requires storage 
of a significant number of bags containing different PD fluid 
formulations in the home of a patient. 

Clinical testing is being performed today using 
bicarbonate as a buffer instead of conventional lactate 
buffered PD fluid. Conventional PD fluids have a relatively low 
pH, which may cause discomfort and even pain during the fill 
phase. By using bicarbonate as a buffer, PD fluids having a 
physiological pH may be formulated. However, over time, calcium 
carbonate, formed from components of the PD fluid, may 
precipitate out of the solution of the PD fluid, rendering the 
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solution unusable. 



35 



Glucose, another component of PD fluid, may degrade over 
txme particularly when the PD fluid has been subject to 
conventional heat sterilisation in an autoclave The 
degradation of glucose may produce degradation product which 
are potentially harmful to the patient, at least in the long 
term 3 



PD fluid bags are often shipped a significant distance 
from the point of manufacture to the point of use. since a 
large proportion of PD fluid is water, this effectively amounts 
to transporting large quantities of water from PD fluid 
production plants to treatment locations, such as hospitals 
clmxcs or patients' homes. 

Further, the size of PD fluid bags is limited because they 
muust be sufficiently lightweight to permit easy handling by a 
pataent or physician. Most PD fluid bags for capd contain a 
relatively small amount of fluid, for example between 0.5 and 5 
litres. When higher volumes are required, such as in APD 
multiple PD fluid bags may be used during each treatment' 
session. Having more than one PD fluid bag, however, 
necessitates an aseptic coupling for each bag and requires 
relatively complicated connection and disconnection procedures 
when changing bags. These additional connection and 
disconnection procedures, although aseptic, provide an 
opportunity for potentially harmful bacteria to enter the 
dialysis system and cause peritonitis. Pour or f ive connections 
may be involved in APD. 

In dialysis, specifically acute hemodialysis, bags of 
sterile dialysis solution are used. During hemof iltration and 
hemodiafiltration, infusion solutions are used for infusion 
into the blood. Such solutions have the same problems as 
outlined above. 

In U.S. Patent No. 4,718,890, U.S. Patent No. 4,747,822, 
U.S. Patent No. 5,004,459 and U.S. Patent No. 5,643,201, it has 
been proposed to make up and administer PD fluid at a treatment 
location. However, these proposed approaches have various 
drawbacks and disadvantages. U.S. Patent No. 5,643,201 is 
illustrative. It discloses a system for preparation of PD 
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fluid, using a concentrated dialysis liquid source as a 
starting point . In the system, water is purified in a reverse 

osmosis unit and is then mixed by a volumetric proportioning 

pump with the liquid" concentrate. Additional dextrose solution" 
may be added by a dextrose pump. The mixed fluid is heated to a 
temperature of 70°C to 80°C and is then cooled to a proper 
patient temperature, passed to a reservoir where it is weighed 
to check the amount, and then delivered to the peritoneal 
cavity of the patient. Since this system uses a concentrated 
solution as the PD fluid concentrate, there may be problems due 
to the stability of the concentrates, for example if 
bicarbonate buffer is used. In addition, the proposed 
temperature of 7 0°C to 8 0°C may not be adequate to achieve a 
sufficiently high level of sterilisation. 

Further, although there is an option of adding additional 
dextrose, the relative concentrations of the electrolyte 
components of the PD fluid are fixed by their relative 
concentrations in their initially concentrated form. Thus the 
basic formulation of the PD fluid, apart from the dextrose 
concentration, is predetermined in advance by the proportions 
of the constituent substances in the initial concentrated 
dialysis liquid source. If the system were to be useable with 
different prescriptions, it would be necessary to provide a 
range of different concentrated dialysis liquid sources each 
having the constituent substances present in the appropriate 
proportions for that prescription. Thus, a range of sources, 
such as bags of concentrated dialysis liquid, would be 
required, leading essentially to the same logistic problem as 
in the PD treatment systems where the PD fluid is entirely pre- 
prepared at a remote point of manufacture. 

Another proposal for making aqueous solutions for medical 
purposes, including PD fluid, is disclosed in GB 1450030. This 
also uses a concentrated solution as a starting point. Relative 
concentrations of electrolyte are predetermined by the starting 
concentrated solution. This proposal from 1972 does not provide 
detail on how the PD fluid would be delivered to a patient . 

In light of the foregoing, there is a need in the art for 
improving peritoneal dialysis techniques. 
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Summary of the Invention 

Accordingly, the present invention is directed to 
apparatus and methodology that substantially obviate one or 
5 more of the short-comings or disadvantages of the related art. 

One object of the invention is to prepare a medical fluid 
at a patient treatment site by mixing substantially water with 
one or more concentrates. The fluid may be prepared with 
ordinary tap water. As a result, a patient's treatment 
10 requirements can be met through a compact package of 

concentrates, as opposed to multiple bags of fluid. This is 
convenient both for the patient and for the patient's doctor. 
It also reducee weight and volume and, accordingly, storage and 
transportation costs, as well as improving the logistics. Fewer 
15 disposable components may be used, involving the use of less 
plastic, and giving significant environmental advantages. 

Another object of the invention is to provide one or more 
components of medical fluid in at least substantially dry form 
to increase shelf life and/or problems associated with 
20 component precipitation. At least glucose may be provided in 
substantially dry form. 

An additional object of the invention is to provide a 
universal or near-universal (referred to as "universal" herein) 
container for filling multiple patient prescriptions. The 
25 administering machine is controlled to mix the appropriate 
prescription at the treatment site. As a result, multiple 
prescriptions can be obtained using a universal container or 
cartridge. This reduces the need to inventory multiple 
prescriptions . 

30 Still another object of the invention is to provide a 

. container containing at least one concentrate in combination 
with a cleaning agent. In this way, the treatment and cleaning 
agents are conveniently packaged together. 

Yet another object of the invention is to provide a 
35 medical treatment apparatus having a reduced number of aseptic 
connections. There may be zero or only one aseptic connection. 
This reduces the risk of infections such as peritonitis. 

A further object of the invention is to provide a system 
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whereby a patient's prescription can be electronically 
communicated to the dialysis machine, such as through a smart 
card. In this way, if a patient's prescription changes, the 
machine can be reprogrammed, while continuing to use the same ~ 
universal cartridge . 

A yet further object of the invention is to provide a 
system offering higher fluid doses in peritoneal dialysis 
treatment without significant additional cost, unlike in 
conventional peritoneal dialysis systems in which the cost is 
roughly proportional to the fluid volume. Higher fluid volumes 
also may mean that a patient, who would normally be switched 
from conventional PD to another mode of treatment, such as 
hemodialysis (HD) because conventional PD provides inadequate 
treatment, may be kept on PD for a longer time. 

A still further object of the invention is to provide a 
system for sterilising peritoneal dialysis fluid immediately 
before delivery to a patient to minimise the chance of viable 
bacteria entering the peritoneum. 

It should be understood that the invention could still be 
practised without performing one or more of the objects and/or 
advantages set forth above, or by imperfectly performing 
certain of the objects and/or advantages. Still other objects 
and advantages will become apparent from the following 
description of the invention and the claims. 

To achieve these and other objects and advantages, and in 
accordance with the purpose of the invention, as embodied and 
broadly described herein, the invention includes a number of 
aspects . 

Viewed from a first aspect, the invention provides 
apparatus for the production of peritoneal dialysis fluid at a 
treatment location for introduction into the peritoneal cavity 
of a patient, the apparatus comprising: 

a plurality of chambers each containing a respective 
concentrate of a constituent of the peritoneal dialysis fluid; 

a fluid mixer arranged to mix the concentrates with liquid 
to produce peritoneal dialysis fluid; 

a steriliser arranged to sterilise at least one of the 
liquid and the peritoneal dialysis fluid; and 
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a patient fill connection arranged to fluidly communicate 
the peritoneal dialysis fluid to the peritoneal cavity of a 
patient, 

characterised in that 

at least one of the concentrates is in substantially dry 
form and, in use of the apparatus, is at least partially 
dissolved to form part of the peritoneal dialysis fluid. 

The invention also provides a method of producing 
peritoneal dialysis fluid at a treatment location and 
introducing the fluid into the peritoneal cavity of a patient, 
the method comprising: 

providing a plurality of concentrates of constituents of 
the peritoneal dialysis fluid in respective chambers ,- 

mixing the concentrates with liquid to obtain peritoneal 
dialysis fluid; 

sterilising at least one of the liquid and the peritoneal 
dialysis fluid; and 

introducing the peritoneal dialysis fluid to the 
peritoneal cavity of a patient; 

characterised in that 

at least one of the concentrates is in substantially dry 
form and is at least partially dissolved to form part of the 
peritoneal dialysis fluid. 

By providing a concentrate in substantially dry or solid 
form, for example as a powder, the problems associated with 
liquid concentrates, such as precipitation, short shelf-life 
etc., can be minimised. 

At least one of the concentrates is an osmotic agent, such 
as a carbohydrate, gluconate, peptides, ketoacid, glycerol, 
glucose polymer, disaccharide, etc. In one embodiment, the 
osmotic agent is glucose or dextrose, when glucose is provided 
as a solution, it generally has a limited shelf-life before it 
has to be used. By providing the osmotic agent in substantially 
dry or solid form and then dissolving it at the point of use, 
its shelf -life may be increased. 

At least one of the concentrates is a buffer, such as 
bicarbonate, lactate, acetate, pyruvate, hydroxybutyra.te , 
phosphate, etc. In one embodiment, sodium bicarbonate or sodium 
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lacate or a combination thereof, is used as a buffer. By 
providing sodium bicarbonate in substantially dry or solid 

_form L problems witlv solutions degrading by the precipitation of 

solids can be avoided. Sodium bicarbonate is sometimes favoured 
5 as a buffer for physiological reasons, but often another buffer 
is used in peritoneal dialysis. Thus, the use of substantially 
dry sodium bicarbonate, which is then freshly dissolved into 
solution at a treatment location, in a peritoneal dialysis 
treatment system is beneficial. 
10 A concentrate provided in a particular chamber may 

comprise more than one substance, for example some or all of 
the electrolytes may be provided in one chamber, and an osmotic 
agent may be provided in another chamber. In one embodiment, 
each concentrate comprises a separate constituent substance of 
15 the peritoneal dialysis fluid. For the production of a 

peritoneal dialysis fluid, each chamber may contain a separate 
constituent substance of the peritoneal dialysis fluid, 
selected from a group comprising: sodium chloride, sodium 
bicarbonate, magnesium chloride, calcium chloride, sodium 

2 0 lactate, lactic acid and glucose. 
One or more of the concentrates may be provided in liquid 

form, and one or more of the concentrates may be provided in 
substantially dry form. In one embodiment the concentrates 
comprise: sodium chloride in substantially dry form; sodium 
25 bicarbonate in substantially dry form; magnesium chloride in 
substantially dry form; calcium chloride in substantially dry 
form; lactic acid solution; and glucose in substantially dry 
form. 

By providing a plurality of concentrates of the 

3 0 constituents of peritoneal dialysis fluid in respective 
chambers, in accordance with the first aspect of the invention, 
it becomes possible to produce peritoneal dialysis fluids of 
different formulations. The apparatus comprises a controller 
for controlling the fluid mixer to produce such different 

35 f ormulations . There is thus provided a choice of formulations 
which can be made using the plurality of concentrates and 
liquid, such as purified water. For example, a single . 
disposable container containing the concentrates can be used to 
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produce different formulations as required by a prescription of 
a patient . This is considerably more convenient than the 
currently available systems for providing peritoneal dialysis 
fluids to a patient, in which the manufacturer stocks a range 
5 of bags of fluids of different formulations and the user has to 
be supplied with and choose the right bag for his or her 
treatment. Instead, the user can always be supplied with the 
same plurality of concentrates, which can then be used by the 
apparatus to make the required formulation. 

In one embodiment, the concentrates comprise a plurality 
of electrolytes and the controller is operable to produce 
pentoneal dialysis fluid formulations having different 
relative concentrations of electrolytes. Thus, rather than 
being able merely to vary the concentration of osmotic agent 
(e.g. glucose), the apparatus can vary the relative 
concentrations of the electrolytes in the peritoneal dialysis 
fluid according to a patient's prescription. This is an advance 
over the previously proposed systems for producing peritoneal 
dialysis fluid at a treatment location using a single combined 
source of electrolytes. The electrolytes used in the peritoneal 
dialysis fluid may be one or more of sodium bicarbonate, sodium 
chloride, sodium lactate, magnesium chloride and calcium 
chloride . 

The controller is in one embodiment provided with data 
input means for receiving prescription information for a 
patient. Such data input means may comprise a keyboard or touch 
screen or the like for a person to input the required 
prescription information. In one embodiment, the data input 
means comprises a memory device, for example a smart card, 
which may be inserted in a suitable part of the apparatus! 
Alternatively, or additionally, the data input means may 
comprise a modem or other means enabling remote communication, 
for example for supervision or for transmission of prescription 
information to the apparatus. 

It is possible to effect dissolution of substantially dry 
or solid concentrates in the chamber in which it is supplied. 
In the case of some concentrates, a relatively large quantity 
of solution may be needed, such that the chamber will' generally 
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not be large enough, without becoming cumbersome, to receive 
enough water to dissolve all the concentrate. Examples of such 
concentrates-in a-peritoneal_ dialysis solution are sodium 
chloride and eodium bicarbonate. In these cases, more than a 
5 single chamber volume of water is used to dissolve the 

concentrate. One way of doing this would be to fill the chamber 
with water via an opening, then to empty the chamber by a 
reversed flow through the same opening, using an air vent to 
allow air in to fill the chamber during emptying (if the 

10 chamber walls are relatively rigid, an air vent not being 

necessary in the case of a flexible walled chamber) . Filling 
would then take place again and the process would be repeated 
as many times as necessary. 

In another arrangement, the apparatus is arranged to prime 

15 said at least one concentrate in substantially dry form in a 

respective chamber with liquid comprising water, the amount of 
concentrate in the chamber and the size of the chamber being 
such that the concentrate is only partially dissolved when the 
chamber is filled with liquid, the apparatus further comprising 

2 0 a flow line for removing liquid comprising dissolved 

concentrate from the chamber, and a flow line for substantially 
simultaneously adding the same amount of liquid as removed to 
said chamber - 

With such an arrangement, after initial priming a 

25 continuous flow to the fluid mixer can be obtained, rather than 
a periodic flow, reducing the number of cycles required, and 
thus the opportunities for inaccuracies, for a given batch of 
peritoneal dialysis flluid. Thus, two flow lines are provided 
for simultaneous use. One of these may conveniently be used for 

30 priming, and the other for venting air from the container, an 

air vent being necessary in the case of a rigid walled chamber. 
The concentrate removal flow line may be used during priming to 
introduce the liquid comprising water to the chamber, and the 
liquid adding flow line is used during priming to vent air from 

35 the chamber. During normal use, venting is not required. 

Such a first type of chamber or partial dissolution 
chamber is suitable for containing sodium chloride or. sodium 
bicarbonate for making the peritoneal dialysis fluid. 



46 46 169 189 

Ink. t Patent- .verket 

1999 -03- 3 0 . 11 . 

Huvudfcixen Kossan 

A second type of chamber is contemplated for other 
constituents of the peritoneal dialysis fluid, such as calcium 
chloride and magnesium chloride. In the case of these 
concentrates, they are generally only required in relatively 
5 small quantities and at low concentrations in the peritoneal 
dialysis fluid, and so a relatively small chamber can have an 
adequate volume such that one liquid fill will result in a 
sufficient amount of dissolved concentrate. Therefore, the 
apparatus may be arranged to prime said at least one 
10 concentrate in substantially dry form in a respective chamber 
with liquid comprising water, the amount of concentrate in the 
chamber and the size of the chamber being such that the 
concentrate is fully dissolved when the chamber is filled with 
liquid, with this type of chamber, the priming inflow can 
15 conveniently use the same flow line as that used to remove 

dissolved concentrate from the chamber. In the case of a rigid 
walled chamber, an air vent may be provided to vent air during 
priming and emptying. 

A third type of chamber may be used for the osmotic agent, 
2 0 normally glucose. It is provided in substantially dry or solid 
e.g. powder form, and the apparatus will then be suitably 
equipped to stir, agitate or recirculate the glucose once 
liquid comprising water has been added. This is because of the 
relative difficulty in achieving rapid dissolution of glucose. 

2 5 In one embodiment of the apparatus, a respective chamber 

contains an osmotic agent, e.g. glucose, and the apparatus 
comprises a flow circuit for introducing liquid comprising 
water into the osmotic agent chamber, for removing liquid 
comprising dissolved osmotic agent from the chamber and for re- 

3 0 introducing the liquid comprising dissolved osmotic agent into 

the chamber. Dissolution e.g. of glucose is generally promoted 
by heating the diluent liquid, for example to 4 0°C. Heated 
liquid may initially be supplied to the glucose chamber. It is 
desirable to maintain the glucose heated during dissolution and 
35 circulation, and advantageously therefore a heater is provided 
for heating the liquid comprising dissolved glucose as it 
circulates round the flow circuit . 

Since glucose powder tends to release gas bubbles during 
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dissolution, the apparatus may have a vent to allow escape of 
gas as the liquid comprising dissolved glucose circulates round 
_ f low circuit . 

The plurality of chambers containing" respective 

concentrates may be provided by more than one container. It is, 
however, convenient for a user if all the ingredients for 
making the peritoneal dialysis fluid are provided in a single 
container. In one embodiment, the plurality of chambers are 
defined by a disposable container. In another embodiment, each 
chamber is in the form of a compartment of a container. 

It will thus be appreciated that a plurality of different 
types of chamber may be provided to deal with the different 
requirements of the different constituents of the peritoneal 
dialysis fluid, i.e. taking account of the amount of each 
constituent normally required and the ease or difficulty in 
dissolving each constituent. From the user's perspective, 
however, there is the benefit that all the chambers and the 
constituents of the peritoneal dialysis fluid which they 
contain can be provided in a single container. This can provide 
all constituents needed for an overnight peritoneal dialysis 
treatment session, which may for example involve the use of 8- 
3 0 litres of peritoneal dialysis fluid or more, without the 
user having to set up the several bags of fluid which would be 
required with conventional peritoneal dialysis treatment. 

It is possible to support the container on the apparatus 
in a fixed position and then for the apparatus to have a 
chamber communicating portion, e.g. a spike, which moves to a 
position communicating with the interior of a said chamber. In 
one embodiment, the apparatus comprises a container engaging 
portion for engaging the container and urging the container to 
a position in which the chambers are opened for communication 
with respective portions of the apparatus - 

In general, it will be desireable to place the container 
in a location where it can be engaged by the container engaging 
portion. One way of doing this is for a user to slide the 
container to the engagement location in a first direction, for 
example in a horizontal direction, and then for the container 
engaging portion to urge the container to the communicating 
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position in a second direction, for example in a vertical 
direction. 

The container engaging portion may for example engage a 
region of the container remote from the region of the chambers 
5 where they are to be opened. This may be the base of the 
container, inverted so that its opening region faces 
downwardly- In one embodiment, the container engaging portion 
is arranged to engage a plurality of flanges each provided 
adjacent to a respective opening of a respective chamber. By 
10 effecting engagement adjacent to the openings, reliable urging 
in the opening region of the container may be achieved. The 
) flanges are for example formed on the necks defining the 

openings of the respective chambers* 

In one embodiment, a flange associated with each opening 
15 is engaged, to ensure reliably and positively that each opening 
is communicated with the chamber communicating portions of the 
apparatus. It will be appreciated that it is important that all 
intended communicating paths should be created at the interface 
between the apparatus and the container. In one exemplary 

2 0 container, there are eight chamber openings where communication 

is to be effected. One embodiment of the arrangement for 
achieving the desired reliable interface involves that at least 
two of the container openings being linearly aligned with each 
other, and the container engaging portion comprising a pair of 
25 laterally spaced members arranged to engage flanges defined on 
opposite sides of the openings. 

In one embodiment of the apparatus, a plurality of spikes 
are provided for penetrating respective seals of the chambers 
to open said chambers. Each spike advantageously comprises two 

3 0 fluid flow channels, to allow simultaneous inflow and outflow 
of liquid or gas to or from the chamber. As will be apparent 
from the description below, in the case of a chamber containing 
glucose it is useful to provide three flow channels, whereas 
for other concentrates two channels are provided. Rather than 

3 5 having to provide a three flow channel spike, there is provided 
a pair of spikes for penetrating an osmotic agent, e.g. 
glucose, containing chamber. This can provide three flow 
channels, two contributed by one spike and the third by the 
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other spike. In addition, since the osmotic agent chamber will 
usually be substantially larger than the other chambers, there 

^ill_be jsuf f icient space on the j>smotic_agent chamber wall_f or 

the provision of two openings. 
5 After the container has been used to supply the 

ingredients for one or more peritoneal dialysis patient fills, 
it will be removed and on the next treatment occasion a fresh 
container will be used. It is beneficial to disinfect the 
spikes between treatments. The apparatus comprises a cover for 
10 covering a said spike when the container is removed to enable 

the spike to be disinfected. The container engaging portion may 
^ be arranged to engage the cover to urge it to its covering 

position. Thus, the container engaging portion can fulfil both 
the function of urging the container to its communicating 
15 position, and that of urging the cover to its covering position 
when no container is present. 

* It will be appreciated that the container described herein 
itself embodies a number of inventive aspects. A second aspect 
of the invention is therefore concerned with a container, such 
20 as a disposable container. 

In one form of the second aspect, the invention provides a 
container containing in concentrated form all the concentrates, 
which, when mixed with water, provide sufficient peritoneal 
\ dialysis fluid for a full peritoneal dialysis treatment 

^ 25 session. 

In another form of the second aspect, the invention 
provides a container containing concentrated components of 
dialysis fluid, the container comprising a chamber containing 
powdered glucose and at least one other distinct chamber 

30 containing at least one powdered inorganic salt. 

In another form of the second aspect, the invention 
provides a container containing concentrated components of 
dialysis fluid, the container comprising at least one chamber 
containing a cleaning agent and at least one other distinct 

35 chamber containing at least one powdered inorganic salt. It is 
advantageous to provide a cleaning agent in the same container 
as at least one concentrate for making peritoneal dialysis 
fluid, as this facilitates operation of the apparatus, because 
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the user is only required to insert one container into the 
apparatus to provide the concentrated PD fluid and to provide 
the cleaning agent, rather than separate containers which may 
be mistaken. 



5 



In another form of the second aspect, the invention 



provides a container containing concentrated components of 
dialysis fluid, the container having defined therein at least 
two distinct chambers, each of said chambers containing a 
different inorganic salt/ wherein the volume of each of said 

10 chambers and the amount of salt contained within each chamber 
is such that when a solution of each salt is prepared by 
filling each of said chambers with liquid, such as water, the 
conductivities of the solutions so prepared are 
characteristically different. As described in more detail 

15 below, such an arrangement enables the apparatus with which the 
container is to be used to check that it is receiving the 
correct concentrate or inorganic salt from each chamber. 

In another form of the second aspect, the invention 
provides a container containing concentrated components of 

2 0 dialysis fluid, the container having defined therein a 

plurality of distinct chambers, the container comprising at 
least one connector associated with each chamber, wherein each 
said connector comprises at least two separate fluid channels, 
permitting simultaneous inflow to and outflow from the 
25 respective chamber. This arrangement allows gas to exit the 
chamber via one fluid channel as liquid enters via the other 
fluid channel , and/or it allows gas to enter the chamber via 
one fluid channel as liquid exits via the other fluid channel, 
and/or it allows replacement liquid to enter the chamber as 

3 0 liquid exits the chamber. Such an arrangement is particularly 

useful in the case of chambers having relatively rigid rather 
than flexible (i.e. collapsible) walls, where the volume of the 
chamber remains substantially constant whether it is empty or 
full . By providing the at least two fluid channels as part of 
35 the connector, as distinct from providing a vent elsewhere on 
the chamber, the two fluid channels can be opened up and 
established only at the time when the container is to be used, 
such as simultaneously, for example by breaking a seal which 
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may be in the form of a membrane or septum. 

In one arrangement, the at least two fluid channels are 
arranged concentrically in each of said connectors. This type 

of connector can for example conveniently mat^ with a "spilce 

which itself has two fluid channels, as described above. 

In the case of an osmotic agent, e.g. glucose, containing 
chamber, it is useful to have more than two fluid channels, 
notably three. In one embodiment, at least one of said chambers 
comprises two connectors, one such connector comprising said at 
least two separate flow channels, and the other connector 
comprising a further fluid channel. 

Again in the case of an osmotic agent, e.g. glucose, 
dissolution thereof can be advantageously promoted by providing 
one of the fluid channels with a diffuser to diffuse an inflow 
of liquid into the chamber. 

In one embodiment, the connectors are provided, during 
operation, in a lower region of the chambers, and one of the 
fluid channels of at least one connector has a portion 
extending to an upper region of the chamber. The portion in the 
upper region can, for example, be used as an air vent, as an 
inlet for replacement liquid, or for recirculation. 

As explained above, at least some of the openings to the 
chambers are in alignment with each other. There openings 
mutually aligned along the linear axis. Thus, the connectors 
can all be engaged by a container engaging portion of the 
apparatus . The connectors may comprise neck portions each 
formed with an external flange for engagement by the container 
engaging portion. A pair of flanges may be provided on opposite 
sides of the neck portion, or a single flange may extend 
circumf erentially round the neck portion. The container 
engaging portion may then be in the form of a pair of laterally 
spaced members - a fork - for engagement with the flanges . 

The container should be mountable on or insertable into 
the machine in a unique manner, to ensure that the correct 
connectors align with the required communicating portions of 
the apparatus. In one embodiment, the linear axis of the 
mutually aligned connectors is offset from a central axis of 
the container. The container can then interface with the 
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apparatus in the correct manner only. 

In another form of the second aspect of the invention 
there is provided a container for use in priming powdered ' 
glucose at a patient treatment location, comprising an inlet 
port in a lower region of the container for receiving a supply 
of water to dissolve the powdered glucose in the container 
wherein said inlet port is provided with a diffuser which L 
arranged to diffuse the flow of water into the powdered 
glucose . 

In another form of the second aspect of the invention 
there is provided a container for concentrated components of 
dialysis fluid, the container having defined therein a 
plurality of distinct chambers, the container comprising at 
least one connector associated with each chamber, wherein at 
least two of said connectors are mutually aligned along a 
linear axis. 

In another form of the second aspect of the invention, 
there is provided a container for concentrated components of 
dialysis fluid, the container having defined therein a 
plurality of distinct chambers, the container comprising a 
container body and at least one connector associated with each 
chamber, wherein there is at least one axis about which the 
container body is substantially rotationally symmetric, and 
v wherein the connectors are arranged relative to said container 

25 body such that the arrangement of connectors is rotationally 
asymmetric about said axis. 

In the manufacture of the container, each chamber may be 
charged with the appropriate concentrate. It may be problematic 
successively to charge each chamber of a single container. 
Therefore, the container may be made as a plurality of sub- 
containers which are later connected together. 

In another form of the second aspect of the invention, the 
invention provides a method of manufacturing a container for 
concentrated components of dialysis fluid, the method 
35 comprising the steps of: 

manufacturing a plurality of individual sub- containers 
and ' 

connecting said sub- containers to form said container. 
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The invention also extends to a container made by the 
above method. 

_ The_ apparatus jmay _be connected to a source of purified 

water, for example a reverse-osmosis unit. In one embodimentT 
5 the apparatus comprises a water purifier. The water purifier 

may, for example, comprise one or more reverse osmosis membrane 
units. In one embodiment, the water purifier comprises a first 
reverse osmosis membrane unit, and a second reverse osmosis 
membrane unit. Each membrane unit has an inlet, a purified 

10 water outlet and a waste water outlet. In one embodiment, the 
purified water outlet of the first membrane unit is in fluid 
communication with the inlet of the second membrane unit. 
Moreover, the waste water outlet of the second membrane unit 
may be in fluid communication with the inlet of the first 

15 membrane unit. 



reasonably pure because it has been through the first RO 
membrane unit, is recycled and passes through the first RO 
2 0 membrane unit again, so that the overall water consumption of 
the apparatus is reduced. In this way, two RO membrane units 
can be used, in order to give a higher purity of water, without 
increasing the overall water consumption of the apparatus. 



25 the inlet of the RO membrane unit a coarse filter (for example 
a 30 micron filter) , a fine filter (for example a 5 micron 
filter) , a charcoal filter and/or a water softener. Each of 
these components prevents blocking of the reverse osmosis 
membranes. 

3 0 The water purifier may further comprise a degassing 

arrangement upstream of the first (or second) RO membrane unit. 
The water is degassed before it passes through the RO 
membranes, as a reduction in the amount of dissolved carbon 
dioxide and other gases in the water can improve the 

35 performance of the RO membrane (s). Furthermore, gas bubbles in 
the water can interfere with the correct operation of the pumps 
and the like. In general, it is desirable for the water to be 
degassed at an early stage in the production of the peritoneal 



According to this arrangement, the water from the waste 
water outlet of the second RO membrane unit, which is already 



The water purifier may comprise, for example upstream of 
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dialysis fluid, as this simplifies the further processing 
steps, because the dissolved gas content of the water is fixed. 

In one embodiment, the steriliser is a heat steriliser . 

Viewed from a third aspect, the present invention provides 
5 apparatus for the production of peritoneal dialysis fluid at a 
treatment location comprising: 

a water inlet for receiving a supply of water from a mains 
water supply; 

a water purifier for purifying the supply of water from 
10 the water inlet; 

a fluid mixer for mixing dialysis fluid concentrate with 
the purified water supply to produce a supply of peritoneal 
dialysis fluid; 

a steriliser for sterilising the supply of peritoneal 
15 dialysis fluid; and 

a fluid outlet arranged to communicate the sterilised 
supply of peritoneal dialysis fluid to the peritoneal cavity of 
a patient, 

characterised in that 
2 0 the steriliser is a heat steriliser arranged for heat 

sterilisation of the peritoneal dialysis fluid at a sterilising 
temperature and at an elevated pressure. 

Heat sterilisation is generally considered to be effective 
and safer than, for example, bacterial filtering. 
25 In one embodiment, the steriliser is provided downstream 

of the fluid mixer so that any bacteria introduced into the 
peritoneal dialysis fluid during mixing are neutralised- In 
this way, the production costs of the container for the 
concentrated components can be reduced, because the components 
30 need not be pre-sterilised- 

Although the steriliser may be configured to sterilise the 
peritoneal dialysis fluid itself, alternatively one or more 
sterilisers may be provided for sterilising one or more of the 
components of the peritoneal dialysis fluid, such as the 
35 liquid, for example water, used to form the peritoneal dialysis 
fluid and/or the concentrated solutions. If the concentrates 
are provided as sterile concentrates, only the water used to 
form the peritoneal dialysis fluid is sterilised. 
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The steriliser may comprise a sterilisation flow passage 
and is arranged to heat sterilise the peritoneal dialysis fluid 

as J^_flows_ along the sterilisation flow passage, so that the 

flow of peritoneal dialysis fluid does not need to" be stopped 
5 for heat sterilisation. In one embodiment, the apparatus 

comprises a flow path downstream of the heat steriliser for the 
flow of sterilised peritoneal dialysis fluid to the patient 
fill connection, and cooling means for cooling the sterilised 
peritoneal dialysis fluid as it flows along the flow path, in 
10 order that the peritoneal dialysis fluid may be brought to body 
temperature when it reaches the patient fill connection. The 
apparatus may. be arranged to heat sterilise the flow path prior 
to its use for the flow of sterilised peritoneal dialysis fluid 
to the patient fill connection, to ensure that the sterilised 
15 fluid travels along a sterilised path. 

A fourth aspect of the invention is concerned with systems 
for dissolving a substantially dry. concentrate and delivering 
the dissolved concentrate to a mixing vessel. 

Viewed from a fourth aspect therefore the invention 

2 0 provides apparatus for the production of an aqueous solution 
for medical use from a plurality of concentrates, the apparatus 
being arranged to communicate with a plurality of chambers each 
containing a respective concentrate, at least one of the 
concentrates being in substantially dry form, the apparatus 

25 comprising: 

at least one flow line arranged to prime said at least one 
concentrate in substantially dry form with liquid comprising 
water to form at least one dissolved concentrate; 

a mixing vessel arranged to receive the at least one 
30 dissolved concentrate; 

a flow regulator associated with the at least one 
dissolved concentrate arranged to pass the concentrate to the 
mixing vessel; 

characterised by 

3 5 measuring means arranged to measure a concentration of the 
at least one dissolved concentrate; and 

a pump arranged to pump a metered volume of the at least 
one dissolved concentrate via the associated flow regulator to 
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said mixing vessel, whilst measuring by said measuring means 
the concentration of the dissolved concentrate, so as to 
deliver a predetermined amount of said dissolved concentrate to 
said mixing vessel . 

5 The invention also provides a method or providing an 

aqueous solution for medical use from a plurality of 
concentrates, comprising; 

providing a plurality of concentrates in separate 
chambers, at least one of the concentrates being in 
10 substantially dry form; 

priming said at least one concentrate in substantially dry 
form with liquid comprising water to form at least one 
dissolved concentrate; 

passing the at least one dissolved concentrate to a mixing 
vessel via a flow regulator associated with that concentrate; 
characterised by 

adjusting the flow regulator associated with the at least 
one dissolved concentrate for passing a metered volume of said 
concentrate through said flow regulator; 

measuring a concentration of said concentrate to determine 
an amount of said concentrate delivered to said mixing vessel; 
and 

terminating said delivering of concentrate when a 
predetermined amount has been delivered. 

Thus, from a starting point of concentrates at least one 
of which is in substantially dry, e.g. powder, form, an aqueous 
solution may be obtained in a mixing vessel comprising a 
predetermined amount of each concentrate, and hence having each 
concentrate present in a predetermined concentration ratio. 
Such solution can be prepared to a precise desired formulation, 
and may be put to medical use, for example for the purposes of 
peritoneal dialysis, hemodialysis, hemof iltration or 
hemodiaf il trat ion . 

In general, it is intended to obtain a flow of concentrate 
35 at a predetermined concentration and this may take time to 
develop, for example because time is required to achieve 
dissolution or because adjustments are made e.g. dilution to 
achieve a flow at the predetermined concentration. It is 
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beneficial to use the flow as soon as it is established at the 
desired concentration, rather than to send it to drain whilst 

awai t ing_ a similar est^JLi^hm^t f or another_ concentrate . By 

providing a mixing vessel in which a known amount of 
5 concentrate is to be stored, that concentrate can be passed to 
the mixing vessel without delay and thus without significant 
loss to drain. 

Where a plurality of concentrates are provided in 
substantially dry form, each such concentrate is primed to form 
10 a dissolved concentrate, a metered volume of each dissolved 
concentrate is pumped via its associated valve to the mixing 
vessel, whilst measuring the concentration of the dissolved 
concentrate, so as to deliver a predetermined amount of the 
dissolved concentrate to the mixing vessel. Thus, an aqueous 
15 solution is obtained comprising a predetermined amount of each 
concentrate. 

Where one or more concentrates are initially provided in 
liquid form, they may be provided at a known concentration in 
which case the concentration measuring step may not be 

2 0 necessary, it being sufficient to pump a metered volume to the 

mixing vessel. However, to be sure of obtaining the right 
amount of all concentrates in the mixing vessel, it is possible 
to measure the concentration of such initially liquid 
concentrates as they are passed to the mixing vessel . This 
25 would also be useful where a concentrate is provided initially 
in liquid form at a concentration which is only approximate. An 
example of a concentrate which may be provided in liquid form 
to make e.g. peritoneal dialysis fluid is lactic acid. 

Another method therefore comprises adjusting a first flow 

3 0 regulator associated with a first concentrate for passing the 

first concentrate through the first flow regulator at a metered 
rate, measuring a concentration of the first concentrate to 
determine an amount of said concentrate delivered to said 
mixing vessel, terminating said delivering of said first 
35 concentrate when a predetermined amount has been delivered, 
adjusting a second flow regulator associated with a second 
concentrate for passing the second concentrate through the 
second flow regulator at a metered rate, measuring a 
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concentration of the second concentrate to determine an amount 
of said concentrate delivered to said mixing vessel, 
terminating said delivering of said second concentrate when a 
predetermined amount has been delivered, and repeating said 
5 adjusting, passing, measuring and terminating for each further 
concentrate, thereby to provide an aqueous solution comprising 
a predetermined amount of each concentrate. Such a method is 
applicable to a plurality of concentrates in which at least one 
is provided in substantially dry form, i.e. there may initially 
10 be plural, one or no concentrates provided in liquid form. To 
make dialysis fluid, for example, the electrolytes and osmotic 
agent may be provided as solid concentrates, e.g. powders, 
whilst an acid may be provided as a liquid concentrate. 
In one embodiment, the apparatus comprises a flow 
15 regulator associated with each concentrate, wherein in use of 
the apparatus a metered volume of each concentrate is pumped 
via its associated valve to the mixing vessel, whilst measuring 
the concentration of the concentrate, so as to deliver a 
predetermined amount of the concentrate to the mixing vessel. 
20 For example, there may be a first flow regulator associated 
with a first concentrate, a second flow regulator associated 
with a second concentrate, and a further flow regulator 
associated with each further concentrate. 

The pumping of concentrate flows may be effected by a 
25 plurality of devices, such as metering pumps, for example one 
associated with each concentrate. In one embodiment, the pump 
is arranged for pumping, in turn, each concentrate to the 
mixing vessel. Thus the use of a pump associated with each 
concentrate can be avoided, thereby reducing the cost, size and 
3 0 weight of the system, particularly where several concentrates 
are involved, as will be the case for dialysis liquids, for 
example . 

Similarly, although a plurality of concentration measuring 
means may be provided, again one associated with each 
35 concentrate, each concentrate may alternatively be passed via 
the same measuring means. This may reduce the cost, size and 
weight of the system. In addition, because the measuring means 
measures the concentration of each concentrate individually, it 
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can be selected or set up to give accurate measurements over a 
range wide enough to cover the expected individual 

^<^qent rations^. This ^^inten^ed in a system in which a 

measuring means is used to measure e.g. the conductivity of" the 
5 solution accumulating in the mixing vessel, since the 

conductivity will increase as additional concentrates are added 
and the measuring means would then be required to be accurate 
over a wide range, i.e. a range sufficient to cover the 
conductivity of a first concentrate, the higher conductivity of 

10 a first and second concentrate combined, etc. Furthermore, in 

such a cumulative system, measurement errors resulting from the 
measurement of the first concentrate will add to the errors in 
the measurement of the second concentrate and so on, so that 
later concentrates are measured at a lower accuracy than 

15 initial ones. This does not occur when the concentration of 

each concentrate is measured individually as the errors are due 
only to the measurement being taken. 

The measuring means may comprise more than one measuring 
device, such as two measuring devices, to provide the system 

2 0 with redundancy and thus additional safety. The measuring means 

may comprise a pH meter or other type of meter, such as an ion 
selective meter, but preferably comprises a conductivity meter. 

The apparatus may be arranged to dilute a concentrate 
after it leaves its respective chamber and before it is passed 
25 to the mixing vessel. By controlling the amount of dilution, 

the concentration of the constituent substance delivered to the 
mixing vessel can be controlled to a predetermined 
concentration, even starting from different pre-dilution 
concentrations, which may often be the situation in the case of 

3 0 a concentrate initially provided in substantially dry form. The 

dilution may for example be effected by a proportioning pump. 
In one dilution arrangement, it comprises a concentrate flow 
line along which concentrate is pumped by the pump at a metered 
rate, a water flow line along which water is pumped by a second 
35 pump at a metered rate, the concentrate flow line joining the 
water flow line so that in use the concentrate and water are 
mixed to dilute the concentrate before it is passed to the 
mixing vessel. The concentration of the concentrate or diluted 



I 03/30 TIS 13:48 FAX 46 46 169 189 GA3i)R0 PATENT ~* PRV 

46 46 169 189 

Ink. t Patent^p&g.verket 

1999 -03- 3 0 



@)026 



10 



15 



25 



- 25 
Huvudfoxen Kossoq / 



concentrate is measured, and the pumps are controlled to 
provide a dilution ratio required in order to obtain a desired 
concentration of the diluted concentrate. 

A convenient method of achieving the delivery of a 
predetermined amount of concentrate to the mixing vessel 
comprises passing said diluted concentrate to the mixing vessel 
at a flow rate, measuring the concentration of the diluted 
concentrate, multiplying said measured concentration with said 
flow rate, integrating the product of said multiplication over 
time to obtain a total amount of concentrate material delivered 
to said mixing vessel, and terminating said passing of diluted 
concentrate to said mixing vessel when a predetermined amount 
of concentrate material has been delivered to said mixing 
vessel. The apparatus may therefore include a suitable 
processor for carrying out the multiplying, integrating and 
terminating functions. 

The plurality of chambers containing concentrates will 
normally be provided in predetermined positions relative to 
each other and relative to the apparatus to ensure that each 
concentrate is supplied to the appropriate portion of the 
apparatus. In one embodiment, the apparatus is able to check 
that it has received the correct concentrate at each 
appropriate portion. Therefore, the method comprises measuring 
a property of a said concentrate or a property of the 
concentrate after dilution thereof downstream of its respective 
chamber, and determining from that measurement if the 
concentrate is the concentrate expected from that chamber. 

Whilst the measured property may be pH, for example, it 
may be difficult to distinguish between concentrates which have 
3 0 a neutral pH at any concentration. In one embodiment, the 
measured property is conductivity. The concentrates may be 
provided in amounts in their respective chambers such that when 
their properties e.g. conductivities are later measured they 
are distinguishable from each other. The property may be 
35 measured in its form as supplied from the chamber, i.e. without 
further dilution. If it is measured after dilution, then 
providing dilution is effected by the addition of a known 
amount of liquid comprising water, then the measurement for. the 
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expected concentrate can still be known. 

The concentration of the concentrates in the mixing vessel 

_ _ ma Y provide the final formulation for the required medical use. 

However, in order that the mixing vessel can be kept~to"a " 
5 reasonable size, in one embodiment, the liquid in the mixing 
vessel is passed towards a point of use and to dilute the 
liquid downstream of the mixing vessel. 

Dilution can be effected by feeding liquid from the mixing 
vessel into a water conducting line, the mixing vessel liquid 

10 being pumped at a known rate and the diluted liquid being 

pumped at a higher known rate, whereby water is drawn from a 
source at a flow. rate being the difference between the known 
flow rate of the mixing vessel liquid rate and the known flow 
rate of the diluted liquid. Thus, the extent of dilution will 

15 be known. In order to be sure to obtaining the correct 

formulation for the diluted liquid, having regard to its 
medical use e.g. as peritoneal dialysis fluid, it is also 
checked that the extent of dilution is correct. This may be 
achieved by providing a suitable measuring means / such as 

20 conductivity measuring means. The cost, size and weight of the 
apparatus may be minimised by measuring the concentration of 
the concentrates in the diluted liquid downstream of the mixing 
vessel using the same measuring means as is used to measure the 
concentration of the concentrates during delivery to the mixing 

25 vessel. 

Where a common flow path is used at some point downstream 
of the valve associated with each concentrate, it may be 
desirable to flush that path (or part thereof) after delivery 
of one concentrate and before delivery of the next. In one 

3 0 arrangement, the pump is reversible and connect able to a source 
of liquid, such that in use of the apparatus, after termination 
of delivery of a said concentrate, the pump is reversed to pump 
said liquid from the source thereof through the associated flow 
regulator so as to flush the path between the liquid source and 

35 the flow regulator, such as a valve. The liquid used for 
flushing is preferably water. 

It will be appreciated from the foregoing that the system 
for producing different medical formulations at a treatment 
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location involves a further inventive aspect. A fifth aspect of 
the invention is therefore concerned with such a system 

in one form of the fifth aspect, the invention provides 
apparatus for use at a treatment location which uses a 
5 plurality of concentrates and is able to produce from those 
concentrates a range of different peritoneal dialysis fluid 
formulations, each such formulation being based on 
predetermined prescription information and comprising at least 
one of the concentrates in diluted form. 
10 Such an apparatus is an advance over the known systems for 

peritoneal dialysis involving the use of. a range of pre- 
prepared formulations, which are made remotely from the 
treatment location and must then be selected according to the 
required formulation and transported to the treatment location 
15 Rather, the plurality of concentrates is used by the apparatus 
to make up the required formulation on site, according to 
prescription information determined by a physician or other 
qualified medical professional. This simplifies inventory 
control for the manufacturer, who no longer has to produce a 
20 range of different pre-prepared formulations, but instead can 
supply the plurality of concentrates. This is also more 
convenient for the physician and the patient, who no longer 
need to concern themselves with ensuring that they are supplied 
with the right pre-prepared bags of fluid. 
25 m another form of the fifth aspect, the invention 

provides apparatus for the production of peritoneal dialysis 
fluid at a treatment location for introduction into the 
peritoneal cavity of a patient, the apparatus comprising: 
a plurality of chambers each containing a respective 
3 0 concentrate of a constituent of the peritoneal dialysis fluid; 

a fluid mixer arranged to mix the concentrates with liquid 
to produce peritoneal dialysis fluid; 

a controller arranged to control the fluid mixer selectively 
to produce peritoneal dialysis fluids chosen from a group of 
35 formulations which are different from each other,- 

a steriliser arranged to sterilise at least one of the 
liquid and the peritoneal dialysis fluid; and 

a patient fill connection arranged to fluidly communicate the 
peritoneal dialysis fluid to the peritoneal cavity of a 
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patient , 

characterised in that 

^ ^.^y ^. has ^ata_input raeanB f or ^ecej.ving 

predetermined prescription information for a patient and "in ~ 
5 that the controller is operable to control the fluid mixer to 
produce a peritoneal dialysis fluid formulation based on the 
received predetermined prescription information. 

Thus, the plurality of concentrates can be used to make 
the formulation required by a patient and based on a 
10 prescription determined in advance of treatment. There is no 
need to use a different set of concentrates for each 
formulation, and accordingly no need to have a required set of 
concentrates delivered to the treatment location. The 
prescribing process is separated from the delivery process, 
15 giving medical practitioners greater freedom to vary a 

prescription e.g. from one treatment to the next. Because of 
the greater flexibility in prescribing which is provided, it 
may be possible to keep some patients on peritoneal dialysis 
treatment for longer before they have to be switched to 
20 hemodialysis treatments. 

In one embodiment, the chambers are in the form of 
compartments of a container and all the concentrates required 
to make a said peritoneal dialysis formulation are provided in 
said compartments. Thus a single container of concentrates can 
25 be used to make a range of different formulations, again 

simplifying use of the system for medical practioners and for 
patients. 

The concentrates may comprise a plurality of electrolytes 
and the controller is operable selectively to produce 

30 peritoneal dialysis fluid formulations having different 

relative electrolyte concentrations from each other. Thus, a 
medical practitioner can vary the relative electrolyte 
concentrations to take account of a patient's surplus or 
shortage of certain salts or ions. Again, this can be done 

35 without concern for what pre-prepared bag or bags of 

formulations are available for use at the treatment location. 

In a further form of the fifth aspect, the invention 
provides apparatus for the production of peritoneal dialysis. 
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fluid at a treatment location for introduction into the 
peritoneal cavity of a patient, the apparatus comprising - 
a plurality of chambers each containing a respective 
concentrate of a constituent of the peritoneal dialysis fluid - 

a fluid mixer arranged to mix the concentrates with 
liquid to produce the peritoneal dialysis fluid; 

a controller arranged to control the fluid' mixer 

llllTT 1 / t ° 1 Pr0dUCe dialysis fluids chosen from a 

group of formulations which are different from each other- 

a steriliser arranged to sterilise at least one of the 
liquid and the peritoneal dialysis fluid; and 

a patient fill connection arranged to fluidly communicate 
the perxtoneal dialysis fluid to the peritoneal dialysis of a 
patient; 

15 characterised in that 

the concentrates comprise a plurality of electrolytes 
and m that the controller is operable selectively to produce 
peritoneal dialysis fluid formulations having different 
relative concentrations of electrolytes. 

The advantages of such apparatus will be apparent from 
the discussions above and below. 

It is to be understood that both the foregoing general 
description and the following detailed description are 
exemplary and are intended to provide further explanation of 
without limiting the scope of, the invention as claimed. 

Brief description of the drawings 

An" embodiment of the invention will now be described by 
way of example only and with reference to the accompanying 
drawings, which are incorporated in and conslilule a part of 
the specification, in the drawings: 

Figure 1 is a partially schematic perspective view of an 
apparatus for the preparation of peritoneal dialysis fluid 
according to an embodiment of the invention; 

Figure la is a block diagram of a processor system in the 
apparatus of figure l ; 

Figure 2 is a schematic view of a fluid path in -the 
apparatus of Figure 1 in terms of interconnected functional 
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modules; 

Figure 3 is a detailed schematic view of a water 

- preparaU-on module of Figure 2; 

Figure 4 is a detailed schematic view of a thermal 
5 control and sterilisation module of Figure 2; 

Figure 4a is a detailed schematic view of the thermal 
control and sterilisation module of Figure 4 in an alternative 
arrangement ; 

Figure 5 is a detailed schematic view of a concentrate 
10 mixing module of Figure 2; 

Figure 5a is a detailed schematic view of an alternative 
arrangement of the concentrate mixing module of Figure 2; 

Figure 5b is a detailed schematic view of an alternative 
arrangement of the concentrate mixing module of Figure 5a; 
15 Figure 6 is a detailed schematic view of a drainage 

module of Figure 2 ; 

Figure 7 is a detailed schematic view of a cycler and 
sterilisable connector module of Figure 2; 

Figure 8 is a perspective view of a first example of a 
20 heat exchanger for use in the sterilising of PD fluid according 
to the invention; 

Figure 9 is a perspective view of a second example of a 
heat exchanger for use in the sterilising of PD fluid according 
to the invention ; 

2 5 Figure 10 is a perspective view of a disposable 

concentrate container according to the invention; 

Figure 11 is a partially sectional view through the 
disposable concentrate container of Figure 10 with a vertical 
section of a chassis removed; 

3 0 Figures 12a to 12c are perspective views of portions of 

the disposable concentrate container of Figure 10; 

Figure 13 is a perspective view of a compartment of the 
disposable concentrate container of Figure 10; 

Figure 14 is a perspective view of a further compartment 
35 of the disposable concentrate container of Figure 10; 

Figure 15 is a sectional view through the disposable 
concentrate container during fitting to the apparatus of the 
invention; 
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Figure 16 is a further sectional view through the 
disposable concentrate container during fitting to the 
apparatus of the invention; 

Figure 17 is a sectional view through the disposable 
5 concentrate container in position on the apparatus of the 
invention; 

Figure 18 is an alternative sectional view of the 
disposable concentrate container; 



10 connector of the apparatus of the invention; 

Figure 2 0 is a schematic view of a disposable fluid line 
for use with the apparatus of the invention; 

Figure 21 is a schematic view of a sampling disposable 
fluid line for use with the apparatus of the invention; 
15 Figure 22 is a detailed sectional partial view of a 

compartment of the disposable concentrate container of Figure 
10; and 

Figure 23 is a sectional view through a glucose 
compartment of the disposable concentrate container of Figure 



Figure 24 is sectional view through a lactic acid 
compartment of the disposable concentrate container of Figure 
10 . 

Figure 25 is sectional view through the lactic acid 
25 compartment of Figure 24 in an engaged position. 

Description of the detailed embodiments 

Figure 1 is a partially schematic perspective view of an 
apparatus 100 for the preparation of peritoneal dialysis fluid 

3 0 for a patient according to a first embodiment of the invention - 
The apparatus 10 0 is connected to a domestic water supply by 
means of a tap water connection 1 and is connected to the 
domestic sewerage system by means of an external drain 
connection 16. The external waste connection 16 may be in the 

35 form of a replaceable waste line* The apparatus 100 is powered 
by the domestic electricity supply via a mains electricity 
connection 20. Concentrated components of the PD fluid are 
supplied to the apparatus 10 0 in a concentrate disposable 



Figures 19a-19d are schematic views of a sterilisabie 



20 
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container 402. The PD fluid is supplied to and drained from the 
patient's peritoneal cavity by a disposable fluid line 10 which 
-forms -a- -f luid -connect ion_between the .patient and the apparatus 
100. 

5 The apparatus 100 receives details of a prescription of 

the PD fluid for the patient on a smart card 102 which is read 
by the apparatus 100. The apparatus 100 also includes a control 
panel 104 which displays information to the patient and allows 
the patient to control the operation of the apparatus in 

10 certain respects. 

In overview, the apparatus 100 according to this 
embodiment of the invention is installed in a patient's home 
and purifies tap water from the tap water connection 1, mixes 
the purified tap water with concentrated PD fluid components 

15 from the concentrate disposable container 402 to produce PD 
fluid. The apparatus 100 then sterilises the PD fluid and 
delivers the PD fluid by way of the disposable fluid line 10 
directly to the peritoneal cavity of the patient. During a 
treatment session, which comprises a series of fill and drain 

2 0 cycles, old PD fluid, dialysate, is removed and fresh PD fluid 

is added to the patient's peritoneal cavity, normally during 
the night while the patient is asleep. 

The disposable container 402 may include a bar- code 18 
arranged on the container at a convenient position. A bar code 
25 reader 19 shown in broken lines, inside the apparatus 100 reads 
the bar code as the container is inserted in the apparatus. 

Although the apparatus 100 is primarily intended for use 
in a patient's home, the apparatus 100 may be used in centres 
such as dialysis clinics and hospitals. The apparatus includes 

3 0 a control system (not shown) which monitors and controls the 

operation of the apparatus 100 during normal use. In addition 
to the control system, the apparatus 100 includes a protective 
system (not shown) which is separate from the control system 
and monitors the correct operation of the apparatus 10 0 
35 independently of the control system to ensure that the 

patient's safety is not compromised. The control system and the 
protective system ax*e able to carry out functional tests to 
ensure that they are operating correctly. 
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At the start of the treatment session 
exampie the patient , ig to COnf ° n ' USSr ' f ° r 

^ , ^ ^ Ga Co confirm some of the 

peritoneal cavity of th. . entered into the 

conta^ „, some .Ttir^i 3 a :r: t t :/:~ ce 

smartcard 102. This corresponds to the sZL TV I 
) treatments where the patient „ traditional PD 

uaie pacient compares the lab^l ^ *-u -i • 
bag of PD fluid „ ith th . i nstru « lon= ! ~. " the P lasci = 
at the start of the PD ™ tXUCt ™ ns ^ the doctor. Also 

i d en tify hi^eif To ZT::z\ h the paMent is re - ired *» 

by an unauthorised persT is «* operated 

di„ ^Kr" ° f * treaCment the concentrate 

d sL^d 6 ^ rePlaCSa ^ ^ ° ld ^ is 

^^r^^t. - ^^: fluid iine 10 is ai - 

a+ . treatment session with a new line 

At the start of a tr?ai-m M ^ . -j-J-we. 

treatment session, the patient can «^ 
the concentration of glu cose retired in the PD flu£ Z that 

pat^ aeSSl ° n ' " lthin Predeflned -cordin 9 to the 

patient's retirements. The glucose concentration ie set by th e 
patient usxng the control pane! 10 4. The glucose in the PD 
flurd acts as an osmotic agent, so that an increase in the 

glucose concentration win reS ult <„ „ < . 

jm » _ . m -result m an increase in the vni n™^ 

The apparatus !00 is suitable for continuous cycling 
peritoneal dialysis (CCPD, , where the peritoneal cavity f. 

durint The SmP T d ° f PD flU±d ln 3 ^ 
during the night. The apparatus 100 is also capable of carr^ino 

out tidal peritoneal dialysis according to which the pe^itolea! 

cav lty is initially filled with PD fluid and in subsequent 

ifd" 3 rj"" than t0tal V ° lume of th « "11 

is drained from the peritoneal cavity and replaced with an 

approximately equal volume of fresh fluid. The peritoneal 

aslieTanrrr m ^ SeS3i ° n Pl *~ " hUe th ° L 

asleep and thus the apparatus 100 is usually located adjacent 
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the patient's bed. Other treatment modes are also possible. 

At the end of a treatment session, the peritoneal cavity 

° f - the patient_may_ be lef t_ f ull_ of PDJ luid or the PD fluid may 

be drained from the peritoneal cavity, depending" on "the "patient 
5 requirements. In general, it is expected that the apparatus 100 
will be the sole source of the patient's PD treatment. Thus, if 
at the end of a treatment session the patient's peritoneal 
cavity is full of PD fluid, it is expected that the cavity will 
be full of PD fluid at the beginning of the next treatment 
10 session. However, the patient may have drained or filled his 
peritoneal cavity manually using additional PD equipment 
between treatment sessions. The apparatus 100 is able to 
respond to such situations by having input means whereby the 
patient may enter relevant data to the apparatus, 
15 a usual treatment session, a total volume of about 8- 

2 5 litres of PD fluid is put into and removed from the 
patient's peritoneal cavity, with each fill volume being 
between 250 ml and 3 litres (the smaller volume may be in the 
case of tidal peritoneal dialysis, for example) . One treatment 

2 0 session may involve up to 2 0 fill and drain cycles, with a 

maximum of 25 litres of PD fluid (50 litres if the disposable 
concentrate container 402 is changed) being supplied to the 
patient and a maximum of 35 litres of fluid (per container 
used) being drained from the patient, the drain volume being up 

25 to 4 litres per cycle. 

The patient is able to instruct the apparatus 10 0 via the 
control panel 104 to abandon the treatment session and allow 
the patient to disconnect from the apparatus 100 or to finish 
the treatment session early by omitting some of the cycles 

30 within the treatment session. 

The apparatus 100 includes a timer (not shown) which 
allows the patient to set the approximate time at which a 
treatment session should begin so that the apparatus 100 can 
make the necessary preparations for the treatment session 

3 5 before the patient arrives. Thus, when such a time has been 

set, treatment can begin less than 2 0 minutes, preferably less 
than 10 minutes, after the patient has arrived and has 
confirmed that a treatment session is actually required. If the 



10 



15 
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timer has not been preset, the apparatus 100 may require up to 
one hour to make the necessary preparations for the delivery of 
dialysis fluid. 

The control panel 104 includes a 256 colour video touch 
5 screen display with a screen saver. The control panel allows 

the user, inter alia, to set the glucose level concentration of 
the PD fluid within preset limits, start, interrupt, resume, 
abandon or finish the treatment session, adjust the temperature 
of the dialysis fluid between 35°C and 40°C and set the planned 
start time for the next or subsequent treatment sessions. The 
control panel displays the treatment status and the time until 
the end of the treatment session during treatment or the time 
until the start of the treatment session during preparation for 
a treatment session. On request, the control panel 104 displays 
the treatment mode (for example tidal or continuous peritoneal 
dialysis) , the number of cycles in the treatment session, the 
glucose concentration, the accumulated- fill volume for the 
treatment session, the accumulated drain volume for the 
treatment session, the accumulated ultrafiltration volume for 
20 the treatment session, the fluid delivery temperature set 

point, patient identification information from the smartcard 
102 of patient entered information, the status of the treatment 
session and technical error codes. The ultrafiltration volume 
is the difference between the volume of PD fluid supplied to 
25 the patient and the volume of PD fluid drained from the 

patient. The control panel is also able to display visual 
alarms and is provided with an audible alarm with which the 
apparatus 100 can bring the patient's attention to operating 
problems. The control panel 104 may also be arranged to display 
30 additional information for use by a nurse, such as service 

information and fill rates and volumes, provided that the nurse 
can provide a valid identification code. 

The apparatus 100 can be interrogated by a service 
engineer using a laptop computer (not shown) either directly or 
3 5 via a remote connections such as a modem (not shown) . 

The smartcard 102 stores the patient's prescription and 
for each of the last 20 treatment sessions, the prescription, 
the ultrafiltration volume, the monitor identity, date and time 
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plus any variances between the prescribed and delivered 
treatment and the reasons therefor if known to the monitor. The 
_smartcard ,102 also stores patient identification information 
and the acceptable limits of patient -selected levels" soach as ~ ~ 
numbers of cycles and glucose concentration. The physical 
characteristics of the smartcard are similar to those used in 
the PD 200™ peritoneal dialysis system manufactured by Gambro 
AB of Lund, Sweden, although the apparatus 100 can 
differentiate between the PD 200 cards and cards suitable for 
use with the apparatus 100. 

The information on the smartcard 102 can be altered by a 
doctor either by connecting a computer (not shown) with a 
suitable interface to the apparatus 100 or by inserting the 
smartcard 102 into a suitable card reader attached to a 
computer (not shown) . Service personnel are also able to 
interrogate the apparatus 100 using a computer (not shown) and 
a data link directly to the apparatus. 

Figure la shows a block diagram of a smart card reader 
103 which is connected to an operating system processor 108 and 
a protective system processor 106. The processors operate and 
supervise the system in a manner previously known in the art of 
dialysis machines. The processors are also connected to the 
control panel 104. Processors 106 and 108 are associated with 
memory devices 110 and 112 , such as volatile memory, static 
memory, hard disk, solid state memory devices etc. 

The operating system processor receives data input from 
sensors and other means in the apparatus and output control 
signals for controlling processes in the apparatus such as 
valves and pumps . 

The protective system processor receives data input from 
sensors and other means in the apparatus and output control 
signals for the purpose of supervising the operating system 
processor and other processes in the apparatus . The protective 
system sensors are separate from the operating system processor 
sensors . 

Figure 2 shows schematically the fluid path in the 
apparatus 100 of Figure 1. The apparatus is, for ease of 
understanding, represented in terms of six interconnected 
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functional modules, which each perform a specific role in ^ 

pre Paration of the peritoneal diaiysis fi j d a ^r t L ; e ;L,; al 

dialysis treatment. These modules are- a w a ^>- Peritoneal 
module 200; a thermal control and T'-l Preparation 

control and sterilisation module 300- a 

anTt , T" 9 ! * dra1 ^ 9 a cycler 

and sterxlisable connector TOdule s00; and . 

In the following, th. overall structure of the flulrt 
in the apparatus ion „j„ v,- .,.„_. .. . . fluld P ath 

in ~t ~ deeorlDea and then further details 

10 of the .individual modules will be given stalls 

As used in this description the terms "cleaning", 
defection" and "steriUsation" have distinct meanings- 
cleaning" simply means the removal of deposits within the 
system, "disinfection" means the neutralisation of most 

^ll\T* "T riU r ion " — «» inactivation of all 
bacteria with aim 10 s confidence level ± ^ 
probability of the presence of a viable ^^^^ 

than or e<lual to 10"' (see United „v 

,s=e united States Pharmacopoeia, 23rd 
Edition and European Pharmacopoeia 1997) 

is provided to the water preparation module 200 via the t!p " 
water connection 1. The water preparation moduie 200 controls 
the supply of water to the other modules in the apparatus by 
switching the tap water supply on and off. by limiting^ 

of ! T Water EUPPly by "-"oring the availability 
of the water supply. The water preparation module 200 also 

ZTtT**"* r ntr ° 1S leVel °* di -°^ 9« and chemical 
and bacteriological contamination in the water supplied to the 
concentrate mixing module 400. The water preparation module 200 
nv ° £ . OPeraCin9 " ith ^^1. water as generally defined 

by the US Environmental Protection Agency in the drinking water 
standard of November 1996, at pressures from 1-6 bar gauge 
(100-600 kPa above atmospheric pressure) and at temperatures 
between 5 and 3 0°C. 

35 The water preparation module 200 is connected to the 

thermal control and sterilisation module 3 00 via five fluid 
connections 2a-2e. A cooling water output connection 2a 
supplies softened, pressure-controlled water for use in the 
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cooling functions of the thermal control and sterilisation 
module 300. The temperature of the cooling water ie raised in 

the thermal control _and_sterilisation module 300, due, at least 

in part, to the water being used for cooling purposes". ~ In this 
5 way, the water returned to the water preparation module 2 00 is 
preheated to improve the efficiency of the water preparation 
module, using waste heat from other parts of the apparatus 100. 
The cooling water is returned to the water preparation module 
200 from the thermal control and sterilisation module 300 via a 
10 cooling water return connection 2b at a controlled temperature 
of approximately 30°C. 

Purified water prepared by the water preparation module 

2 00 is passed to the thermal control and sterilisation module 

3 00 via a purified water connection 2c. Waste water from the 

15 water purification process is passed from the water preparation 
module 200 to the thermal control and sterilisation module 300 
for cooling via a purification waste connection 2d. 

The water preparation module 2 00 vents excess gas to 
atmosphere via an isolator air vent 17. The water preparation 
20 module 200 is also able to vent air to and from the thermal 
control and sterilisation module 3 00 via a patient heat 
exchanger vent connection 2e. 

For disinfection purposes the water preparation module 
200 receives water at disinfection temperature from the 
25 concentrate mixing module 400 via a reverse osmosis (RO) 
membrane disinfection connection 3 . 

The water preparation module 200 has a connection for a 
disinfectant cartridge 210, which supplies chemical 
disinfectant for the disinfection of the water preparation 
30 module 200, when required. 

The thermal control and sterilisation module 300 
sterilises the PD fluid supplied to the patient, and provides a 
supply of sufficiently hot water for disinfection of the 
concentrate mixing module 400 and the drainage module 500. 
35 Th e thermal control and sterilisation module 3 00 also 

controls the temperature of the water supplied to the water 
preparation module 200 via the cooling water return connection 
2b and to the concentrate mixing module 400 via a mixing water 
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feed connection 4a. One important role of the thermal control 
and sterilisation module 300 is to prevent heat being wasted 
and to sequence heating operations, so that the apparatus does 
not require more power than can be supplied by a domestic 
5 electricity socket. The apparatus 100 is designed to operate 
with a mains electricity supply of either 90-140V, 10A, 50/60 
Hz (for example in North America and Japan) or 198 -253V, 10A, 
50/60 Hz (for example in Europe). The maximum power consumption 
of the apparatus 100 is therefore between 0.9 kw and 2.5 kW. 

10 During filling of the patient with PD fluid, the power 

consumption is around 1.2 kW. If the electricity supply is 
unable to provide sufficient power to sterilise the PD fluid at 
a flow rate of 3 00 ml/min, the flow rate is reduced, for 
example to 150 ml/min, to reduce the power required to 

15 sterilise the PD fluid. The major part of the energy 

consumption of the apparatus 100 is required for heating of 
water and PD fluid for disinfection and sterilisation during 
filling of the patient. 

The connections between the water preparation module 200 

2 0 and the thermal control and sterilisation module 3 00 are 

described above. The thermal control and sterilisation module 
300 also supplies temperature controlled purified water to the 
concentrate mixing module 4 00 via the mixing water feed 
connection 4a. The output, for example PD fluid, of the 

2 5 concentrate mixing module 400 is returned to the thermal 

control and sterilisation module 300 via a mixing module output 
connection 4b. 

The fluid entering the thermal control and sterilisation 
module 3 00 at the mixing module output connection 4b passes 

30 through an input volumetric flow meter 350 which, when the 

apparatus is supplying PD fluid to the patient, measures the 
volume of fluid supplied to the patient. An output volumetric 
flow meter 650 is provided in the cycler and sterilisable 
connector module 600 and measures the volume of fluid removed 

35 from the patient. The change in the patient's body fluid level 
due to the PD treatment is calculated by subtracting the volume 
of fluid drained from the patient from the volume of fluid 
supplied to the patient. This change is called the 
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ultrafiltration volume (UF) and is measured in the range -4 
litres to +10 litres over the treatment session to an accuracy 

of -±--6.6. _ml_ (or JCU66JL of the tota^ f ill volume, if greater) , 

preferably ± 33 ml (or 0.33% of the total fill volume 7 if T " 
5 greater) . 

When treating the patient, sterile PD fluid is passed 
from the thermal control and sterilisation module 3 00 to the 
cycler and sterilisable connector module 600 via a sterile 
fluid connection 8a. During sterilisation of the cycler and 

10 sterilisable connector module 600, water at sterilisation 
temperature is passed from the thermal control and 
sterilisation module 300 to the cycler and sterilisable 
connector module 600 via the sterile fluid connection 8a and 
returned to the thermal control and sterilisation module 3 00 

15 via a sterilisation output connection 8b. The sterilisation 
water is returned to the cycler and sterilisable connector 
module 60 0 after heat recovery by the thermal control and 
sterilisation module 300 via a sterilisation fluid return 
connection 8c. 

20 The thermal control and sterilisation module 300 connects 

to the drainage module 50 0 via a thermal drain connection 13a, 
which is used to pass the waste water from the purification 
waste connection 2d to the drainage module 500 after heat 
recovery. During disinfection, fluid is passed at low pressure 

25 from the drainage module 500 to the thermal control and 

sterilisation module 300 for heat recovery via a heat recovery 
drain connection 13b. This fluid is returned to the drainage 
module 500 after heat recovery via a heat recovery drain. return 
connection 13c. 

3 0 The concentrate mixing module 40 0 mixes concentrated PD 

fluid to the required recipe and supplies the PD fluid, 
suitably diluted, to the thermal control and sterilisation 
module 300 for sterilisation. The concentrate mixing module 400 
also supplies cleaning agent to downstream modules of the 

35 apparatus, and controls the venting of air from the fluid 
circuit, while keeping microbiological contamination to a 
minimum. 

As explained above, purified water is supplied to the 
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concentrate mixing module 4 00 via the mixing water feed 
connection 4a from the thermal control and sterilisation module 
300, and chemically controlled PD fluid is returned to the 
thermal control and sterilisation module 3 00 via the mixing 
5 module output connection 4b. The concentrate mixing module 40 0 
also has an air vent connection 6 to atmosphere to allow 
filling and draining of the fluid system, and a mixing module 
drain connection 15, which is used to supply water at 
disinfection temperature to the drainage module 500. Water at 
10 disinfection temperature is also supplied to the water 
preparation module 200 via the RO membrane disinfection 
connection 3 . 

The PD fluid is prepared by the concentrate mixing module 
4 00 from concentrated components of the PD fluid provided in a 
15 disposable concentrate container 402 which connects to a 
manifold 4 04 of the concentrate mixing module 4 00 and is 
enclosed by a manifold cap 406. 

Turning now to the drainage module 500, this module 
controls the flow of fluid to the external waste connection 16 

2 0 and provides the negative pressure required to drain the 

patient of dialysate (the fluid removed from the patient at the 
end of a PD treatment) . The external waste connection 16 may be 
permanently connected to the domestic sewerage system or 
temporarily connected, for example clipped over a lavatory 
25 bowl. The drainage module 500 also closes the drain line to 
isolate the fluid system when necessary, and stops the flow 
from the water preparation module to allow disinfection. The 
maximum flow rate to the external waste connection 16 is 3 
litres/min and the maximum temperature of the fluid passing 

3 0 through the external waste connection 16 is 85°C. 

The majority of the connections to the drainage module 
500 have been described in relation to the other modules of the 
apparatus. The remaining connections, to the cycler and 
sterilisable connector module 600, will be described below. 
35 The cycler and sterilisable connector module 600 prevents 

PD fluid of unsafe chemical composition, temperature or 
pressure or non-sterile PD fluid from being passed to the 
patient 50, by closing off the appropriate supply lines. As 
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described above, the cycler and sterilisable connector module 
600 is connected to the thermal control and sterilisation 

module 300 via the sterile fluid connection 8a, the 

sterilisation output connect ionT8b~ and~the~^errt 

5 return connection 3c. The cycler and sterilisable connector 
module 600 connects to the patient 50 via a patient fill 
connection 9a and a patient drain connection 9b. The patient 
connections 9a, 9b are made to a disposable fluid line 10 which 
is replaced by the patient 50 at the start of each PD treatment 

10 session and connects to the standard connector on the catheter 
(not shown) into the patient's peritoneal cavity. The 
disposable fluid line 10 is provided to the patient pre- 
sterilised and in a sterile package. The disposable fluid line 
10, which may be seen in Fig. 19, 2 0 and 21, has a pierceoble 

15 membrane 634 at the end that connects to the cycler and 

sterilisable connector module 600 and this membrane 634, in 
combination with a cap (not shown) on the catheter connector 
654, maintains the sterility of the disposable fluid line 10 
until it is used. 

20 The cycler and sterilisable connector module 60 0 is 

arranged such that the fluid circuit from the sterile fluid 
connection 8a to the sterilisation output connection 8b which 
includes the pierceable membrane 634 at the end of the 
disposable fluid line 10 can be heat sterilised with water at 

25 sterilisation temperature from the thermal control and 

sterilisation module 300. The cycler and sterilisable connector 
module 600 maintains the sterility of the fluid circuit once 
the -membrane 634 on the fluid line 10 has been pierced until 
the end of the treatment session, and also ensures that fluid 

3 0 can only be passed to the patient when intended. 

The cycler and sterilisable connector module 60 0 has a 
negative pressure drain connection 14a to the drainage module 
500 for draining the dialysate from the peritoneal cavity of 
the patient, and an ambient pressure drain connection 14b which 

35 is used to drain fluids other than the dialysate from the 
cycler and sterilisable connector module 600. 

The sampling module 700 is connected to the disposable 
fluid line 10 via sampling interface 11 and collects a 15 ml 
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sample of dialysate, when requested, for analysis. The sample 
represents an average of the composition of the drained 
dialysate over all the cycles of the treatment session. 

The structure of the individual modules will now be 
5 described in more detail with reference to the figures. 

Water Preparation Module 200 

Figure 3 shows in detail the structure of the water 
preparation module 200. Tap water from the domestic mains 
10 supply enters the water preparation module 200 through the tap 
water connection l. The flow of mains water can be switched, off 
completely by an inlet valve 202. From the inlet valve 202, the 
water passes through a 30 micron particulate filter 2 04 which 
protects the moving parts of the water preparation module 200 
15 from coarse particles in the water supply. The filter 2 04 also 
prevents damage or blocking of the downstream components of 
water preparation module 200, such as reverse osmosis membranes 
or particle filters. 

The filtered water passes through a water softener 2 06, 
20 for example in the form of an ion exchange column. Waste water 
from the water softener 206 produced during regeneration of the 
water softener 206 is passed Lo the drainage module 500 via a 
normally closed water softener valve 268 , the purification 
waste connection 2d and the thermal drain connection 13a of the 
25 thermal control and sterilisation module 300. The water 
softener 2 06 protects the fluid components of the water 
preparation module 200, such as reverse osmosis (RO) membranes 
23 8,252 from limescale which would degrade their performance. 
It is important for the operation of the RO membranes 238,252 
30 that the supplied water is soft in order to prevent a build-up 
of limescale. 

The softened water passes to an isolator 208, in the form 
of a tank equipped with a float valve, which prevents a back 
flow of material from the water preparation module 200 into the 
35 mains supply and also reduces the pressure of the water from 
mains pressure to atmospheric pressure. Air from the isolator 
208 is directed to atmosphere at the isolator air vent 17, 
which can be opened and closed by an isolator air vent valve 
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209. The isolator 208 is also able to receive air from and pass 
air to the thermal control and sterilisation module 300 via the 

-pat ient-heat-exchanger— vent- conne et ion-2 e . 

Downstream of the isolator 208, a branch of the fluid 
path including the disinfection cartridge 210 connects to the 
main fluid path and will be described later. The softened water 
in the main fluid path passes from the isolator 208 to the 
thermal control and sterilisation module 300 Via the cooling 
water output 2a and is used in the thermal control and 
sterilisation module 300 for cooling purposes and pre-heating 
before being returned to the water preparation module 200 via 
the cooling water return connection 2b at a controlled 
temperature of approximately 3 0°C. The raised temperature of 
the water due to the preheating in the thermal control and 
15 sterilisation module 300 reduces the power required to pump the 
water through the RO membranes and improves the effectiveness 
of the degassing operation described below. 

The preheated water returning to the water preparation 
module 2 00, via the cooling water return connection 2b passes 
20 through a series of components 214-224 which remove dissolved 
gas from the water. These components are a proportioning valve 
214, a degassing restrictor 216, an expansion chamber 218, a 
degassing pump 222 and a degassing chamber 224. In operation, 
water from the degassing chamber 224 is recirculated via the 
proportioning valve 214 through the degassing restrictor 216 by 
the degassing pump 222, which is a gear pump. The pressure drop 
in the water due to the degassing restrictor 216 causes 
dissolved gas in the water to be forced out of solution and 
begin to form bubbles in the water. The pressure drop due to 
the degassing restrictor 216 is a function of the flow rate 
there through, which is maintained constant by recirculation 
from the degassing chamber 224, at a flow rate set by the 
degassing pump 222. 

The degassing chamber 224 includes a level sensor 225, 
35 such as an ultrasonic level sensor, which detects the level of 
the water in the degassing chamber 224.. The level sensor 225 
controls the operation of the proportioning valve 214 such that 
if the level of water in the degassing chamber 224 drops, the 
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proportioning valve 214 is adjusted to allow water from the 
cooling water return connection 2b to supplement the water 
recirculated by the degassing pump 222 until the water level in 
the degassing chamber 224 returns to the maximum level . The 
5 recirculated flow from the degassing chamber 224 is decreased 
to maintain the flow through the degassing restrictor 216 
constant- In this way, any flow of water out of the degassing 
chamber 224 downstream towards the RO membranes 238,252 is 
replaced by a flow of water at the same rate from the cooling 
water return connection 2b. However, the flow rate through the 
degassing restrictor 216 remains constant regardless of the 
downstream flow rate from the degassing chamber 224 due to the 
operation of the proportioning valve 214. A constant flow of 
900 ml/min through the degassing restrictor 216 gives a 
15 pressure drop of 800 mbar (80 kPa) , which is sufficient for 
effective degassing. 

The reduced pressure water passes from the degassing 
restrictor 216 to the expansion chamber 218 which slows the 
flow sufficiently that bubbles of gas initiated during the 
rapid pressure reduction in the restrictor combine and have 
time to increase in size. Some of the bubbles rise to the 
surface of the water in the expansion chamber 218 and form a 
small head space of gas in the expansion chamber 218. The 
expansion chamber is provided with a gas-pipe 219 which 
25 connects the headspace in the expansion chamber 218 to the 

fluid path between the expansion chamber 218 and the degassing 
pump 222, so that gas bubbles are entrained in the fluid drawn 
from the expansion chamber 218 by the degassing pump 222. The 
mixture of gas and water are drawn from the expansion chamber 
218 by the degassing pump 222 and the pressure of the water is 
monitored by a degassing pressure sensor 22 0 to ensure that the 
pressure is sufficiently low for effective degassing. The 
degassing pump 222 pumps the gas and water into the degassing 
chamber 224 where the gas is vented to the isolator 208 at 
35 atmospheric pressure. The level sensor 225 in the degassing 

chamber 224 controls the fluid flow through the proportioning 
valve 214 as described above by opening the proportioning valve 
214 to increase the proportion of the flow through the 
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degassing restrictor 216 directly from the cooling water return 
connection 2b when the water level drops due to water being 

drawn jEromt he degassing chamberJ2^ by downstream components 

of the water preparation module 200. In this way, ~fluid 
5 continuity in the subsequent sections of the water preparation 
module 200 is ensured. 

A bypass from upstream of the proportioning valve 214 
directly to the degassing pressure sensor 22 0 under the control 
of a degassing bypass valve 22 6 is provided so that 
10 disinfection can take place without the pressure drop 
associated with the degassing restrictor 216. 

The degassed water from the degassing chamber 224 is 
drawn by an RO pump 236 (Model Procon 1608, from Procon 
Products Div./Roehlen Industries, Ten, USA) through an incoming 
15 water conductivity meter 228 which, in combination with an 
incoming water temperature sensor 23 0, measures the 
conductivity of the water. Each conductivity measurement of the 
water (or the PD fluid) by the apparatus 10 0 of the invention 
is accompanied by a temperature measurement, as the measured 
20 conductivity of a solution varies with temperature. The 

conductivity measurements are compensated by reference to the 
temperature at which they are taken to provide an indication of 
the ionic concentration in the water (or PD fluid) 

After the conductivity measurement, the water passes 
25 through an activated carbon filter 232, available from Gambro 
AB of Lund, Sweden as part No- K06735001, the purpose of which 
is to remove free chlorine from the water and to adsorb some 
organic contaminants. Chlorine in the water can damage the 
surface of the membranes of the RO membrane units 238,252. 
3 0 Following the activated carbon filter 232 the water 

passes through a 5 micron particulate filter 234 which removes 
from the water any traces of carbon or other particulate matter 
not caught by the first filter 2 04 which could foul the RO 
membranes in units 238,252. 
35 The filtered water is pumped by the high pressure RO pump 

236, preferably a rotary vane pump, past the surface of a first 
membrane in a RO membrane unit 238 (Type HSRO/2521/FF - f rom Dow 
Film Tech, USA) and through a first RO output restrictor 240. to 
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2d and the thecal control and sterili aat ion module 300 The 
hagh pressure of the water pa sging over the surface of the 
membrane in the first RO membrane unit 238 causes some of the 
5 water to pass through the membrane in RO membrane unit 23 8 
overcoming the osmotic counterpressure caused by the ions in 
the retained liquid, in a reverse osmosis process. The 
remaining water, which includes any impurities which were 
present in the water, passes through the first ro output 
restrictor 240 to the purification waste connection 2d. The 
fxrst RO output restrictor 240 maintains the pressure across 
the fxrst membrane in RO membrane unit 238 to ensure effective 
reverse osmosis. 

A first RO differential pressure sensor 242 is provided 
to measure the differential pressure between the inflow to the 
first RO membrane unit 238 and the waste flow therefrom (before 
the f irB t RO output restrictor 240) , in order to detect fouling 
of the first RO membrane unit 238. if the membrane in RO 
membrane unit 238 begins to foul, the resistance of the 
membrane to the tangential flow between inlet and waste begins 
to increase. Due to the largely constant flow that is delivered 
from the RO pump, the pressure differential is increased. When 
the pressure differential increases by greater than say o 5 
Bar, which is sensed by a differential pressure sensor 242a and 
242b, the membrane is considered fouled. If the membrane in the 
RO membrane unit 238 begins to foul, there is also a higher 
pressure drop across the membrane, which is sensed by pressure 
sensors 242a and 242c. 

The first RO differential pressure sensor 242 is in the 
form of two cavities separated by a diaphragm with one cavity 
m fluid communication with a point before the first ro 
membrane unit 238, as indicated by circle 242a, and one cavity 
in fluid communication with a point on the waste water output 
of the first RO membrane unit 238 before the first RO output 
restrictor 240, as indicated by circle 242b, or after the 
membrane in RO membrane unit 238, as indicated by circle 242c. 
The differential pressure is measured by monitoring the 
deformation of the diaphragm towards one or the other cavity 
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It is not necessary for the control system to measure the 
absolute pressure at the locations of the first RO differential 
-Pressur^ ^nsor 242a, as __pnly jthe _diff erentiaj, ^pr^s^re .is 
required to detect fouling of the first RO membrane in RO 
membrane unit 23 8. 

The conductivity of the RO water which has passed through 
the first membrane in RO membrane unit 238 is measured by a 
first RO conductivity meter 246 in combination with a first RO 
water temperature sensor 248. 

A first RO membrane bypass valve 250 is provided for use 
in the disinfection of the water preparation module 200, and 
its function will be described below. 

A second RO membrane unit 252 (Type HSRO/2 521/FF from Dow 
Film Tech, USA) is provided downstream of the first RO membrane 
unit 238. The use of two RO membrane units 238, 252 gives a 
much higher purity of water than would be the case with only 
one membrane unit and also gives additional security in the 
event that one membrane ruptures. When measured in terms of 
conductivity, the first RO membrane unit 238 filters out 
approximately 98% of impurities from the water pumped across it 
by the RO pump 236, and the second RO membrane unit 252 filters 
out 80% of the remaining 2% of impurities. The quality of water 
required by the apparatus 100 is very high and may be difficult 
to achieve consistently with a single RO membrane. If one of 
the RO membranes 238, 252 ruptures, the other membrane will 
continue to provide purified water for the short period of time 
before the fault ie detected by the protective system and the 
apparatus 100 is stopped. 

The waste water from the second RO membrane unit 252 
passes through a second RO output restrictor 2 54 in the same 
way as for the first RO membrane unit 238, except that this 
waste water is recycled through a disinfectant selection valve 
256 back to the input of the RO pump 236. This is possible 
because the waste water from the second RO membrane unit 2 52 is 
already reasonably pure as it has passed through the first RO 
membrane unit 238. This recycling improves the overall water 
usage efficiency of the apparatus. Typically, in operation of 
the apparatus a flow rate of 750 ml/min of water is drawn from 
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the degassing chamber 224 by the RO pump 236. This flow rate ie 
supplemented by 250 ml/min of water recycled from the second RO 
membrane unit 252, so that 1000 ml/min of water is pumped 
towards the first RO membrane unit 238. Of this 1000 ml/min of 
5 water, 500 ml/min passes to the purification waste connection 
2d and 500 ml/min of purified water passes through the first RO 
membrane unit 238 to the second RO membrane unit 252. At the 
second RO membrane unit 252, a flow of 250 ml/min of water 
passes through the membrane to the purified water connection 2c 
10 and a flow of 250 ml/min is recycled back to the input of the 
first RO membrane unit 238. 

A second RO differential pressure sensor 2 58 is provided 
to measure the differential pressure between the inflow and the 
waste flow of the second RO membrane unit 252 to detect 
15 fouling. The operation is the same as described in connection 
with the first RO differential pressure sensor 242, and the 
second RO differential pressure sensor 258 is divided in two 
cavities, a first cavity 258a and a second cavity 258b or 258c. 
A RO pressure relief valve 260 is provided between the 
2 0 inflow to the second RO membrane unit 252 and the waste outflow 
therefrom, in order to control the pressure of the water 
presented to the second RO membrane unit 252, and to avoid a 
pressure build-up as the output demand at the purified water 
connection 2c varies. It is noted that the output demand from 

2 5 the second RO membrane unit 2 52 varies from full output, for 

example 2 50 ml/min, to zero during certain periods and anything 
there between. If the output from the second RO membrane unit 
252 becomes small or zero, relief valve 260 shunts water in 
parallel to the restrictor 254 to thereby maintain 

3 0 approximately the same operation conditions for the first RO 

membrane unit 238 as with full output. This operation also 
reduced water consumption. 

A second RO conductivity meter 2 62 and a second RO 
temperature sensor 2 64 are provided at the output of the second 
3 5 RO membrane unit 252 to measure the conductivity of the output 
water, in order to ensure that the water has been sufficiently 
purified from ionic components. An output water pressure sensor 
266 is provided downstream of the second RO temperature sensor 
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2 64 to measure the pressure of the water output via the 
purified water connection 2c to the thermal control and 

— steri-l-isation module- 300 . — — — - 

During disinfection of the water preparation module 200, 
5 the disinfectant selection valve 256 is opened to direct the 
waste flow from the second RO membrane unit 252 through the 
disinfection cartridge 210- The disinfection cartridge 210 
contains a chemical disinfectant, such as an aqueous solution 
of peracetic acid (a widely approved disinfectant) , which is 
10 diluted by the water flow. During disinfection, a disinfection 
valve 212 is opened, the mains valve 2 02 is closed and flow 
through the purification waste connection 2d is prevented by 
the drainage module 500. The float valve of the isolator 208 
prevents any backflow through the water softener 206. The first 
15 RO membrane bypass valve 25 0 is opened so that the waste water 
from the first RO membrane unit 238 is returned to the output 
side of the first RO membrane unit 23 8 rather than passing to 
the drainage module 500 via the purification waste connection 
2d, which is closed by the drainage module 500. Degassing 

2 0 bypass valve 226 is opened to allow fluid flow there through. 

It will be seen therefore that a closed recirculation loop is 
created for circulation of the chemical disinfectant through 
the water preparation module 200. This closed loop disinfects 
most of the components and fluid paths of the water preparation 
25 module 200. However, to disinfect the fluid path between the 
disinfectant selection valve 256 and the RO pump 236, the 
disinfectant selection valve 2 56 is closed so that disinfection 
fluid already in the fluid channel between the second RO 
restrictor 254 and the disinfectant selection valve 256 is 

3 0 circulated past the disinfectant selection valve 256 and 

through the RO pump 23 6. 

A further recirculation path is provided from the gas 
output of the degassing chamber 224 through the isolator 208 
and the degassing bypass valve 22 6, so that disinfection fluid 
35 is able to circulate through the isolator 208. The degassing 
bypass valve 226 is opened to allow fluid flow there through, 
so that the pressure of the disinfection fluid is not ' reduced 
by the degassing restrictor 216, which could cause the 
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peracetic acid to form hydrogen peroxide, thereby reducing its 
effectiveness. Likewise, in the case of hot water disinfection, 
the drop in pressure through the degassing restrictor 216 could 
cause the water to boil. Although the degassing bypass valve 
5 226 is opened, a small portion of the disinfection fluid is 

still passed through the degassing restrictor 216 to disinfect 
this fluid path. 

Once all components downstream of the water softener 2 06 
have been disinfected, the disinfection fluid is passed to the 
10 drainage module 50 0 through the purification waste connection 
2d. 

Water at disinfection temperature is introduced into the 
output side of the second RO membrane unit 252 via the RO 
membrane disinfection connection 3 for disinfection of the 

15 components of the water preparation module downstream of the 
second RO membrane unit 252. 

In the case of heat disinfection of the water preparation 
module 200 , the disinfectant cartridge 210 is not required and 
the water is heated during disinfection by the thermal control 

2 0 and sterilisation module 2 00 between the cooling water output 
2a and the cooling water return connection 2b. 

Thermal Control and Sterilisation Module 3 00 

Figure 4 shows in detail the structure of the thermal 

25 control and sterilisation module 3 00. Water from the cooling 

water output 2a of the water preparation module 2 00 is directed 
through a purification waste heat exchanger 324/ where it is 
preheated by the water from the purification waste connection 
2d passing through the purification waste heat exchanger 3 24 to 

30 the thermal drain connection 13a. The water heated by the 

purification waste heat exchanger 324 is heated by an electric 
water heater 322 before exiting the cooling water return 
connection 2b to ensure that it is at the optimum operating 
temperature for the water preparation module 200, normally 

35 30°C, 

In the thermal control and sterilisation module 3 00, 
water is circulated, in normal operation, by a patient output 
heat exchanger pump 316, in the form of a gear pump through a 



Ink. t Patent- ochreg.vei 




46 46 169 189 



1999 P - 3 0 



Huvudfaxen Kassan 0-5 

patient output heat exchanger 314 and a recirculation 
restrictor 310. The patient output heat exchanger 314 is in the 
form of a bath of water through which the fluid from an online 

autoclave ~3V5~Tde~^cribed~ later r "pTsses in a~ sealed conduit"." The 

5 bath is kept at a constant temperature by the recirculating 
water to maintain the PD fluid passed to the patient at the 
required delivery temperature. If the temperature of the 
recirculating water is too high, a patient output heat 
exchanger drain valve 318 is opened so that the heated water 

10 can pass out of the patient output heat exchanger 314 to the 
cooling water return connection 2b via a patient output heat 
exchanger drain restrictor 308 and the water heater 322. A 
corresponding amount of colder water is drawn from the cooling 
water output 2a of the water preparation module 200 by the 

15 patient output heat exchanger pump 316, until the temperature 
of the heating bath of the patient output heat exchanger 314 
has been reduced to the desired level 

When it is not desired to extract heat from the patient 
output, for example because the patient output fluid lines are 

20 being sterilised at high temperature, the patient output heat 
exchanger 314 is drained under the influence of gravity by 
opening the patient output heat exchanger drain valve 318 and 
an air bleed valve 320. Air enters the patient output heat 
exchanger 314 through the patient output heat exchanger vent 

25 connection 2e from the isolator 208 via the opened air bleed 
valve 320 and an air bleed restrictor 312. When the patient 
output heat exchanger 314 is full of . air, rather than water, 
negligible heat is transferred to or from the patient output 
fluid. In this case, the patient output heat exchanger pump 316 

30 is inactive. The patient output heat exchanger 314 is refilled 
by opening the air bleed valve 3 20 to vent the air and 
reactivating the patient output heat exchanger pump 316 with 
the patient output heat exchanger drain valve 318 closed. 



35 module 200 is passed to the thermal control and sterilisation 
module 3 00 via the purified water connection 2c. The purified 



The purified water produced by the water preparation 



water passes through a disinfection heat exchanger 32 6 which is 
used during disinfection of the concentrate mixing module 400 
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to preheat the purified water by recovering heat passing from 
the heat recovery drain connection 13b to the heat recovery 
drain return connection 13c. The preheated water exiting the 
disinfection heat exchanger 326 is heated to disinfection 
temperature by an electric disinfection heater 330. During 
normal operation of the apparatus, the disinfection heater 330 
is used to control the temperature of the water exiting the 
mixing water feed connection 4a to the concentrate mixing 
module 400. 

During disinfection of the drainage module 500, water 
from the purified water connection 2c bypasses the disinfection 
heat exchanger 326 via a disinfection heat exchanger bypass 
valve 328, so that the water exiting the heat recovery drain 
return connection 13c remains at the disinfection temperature 
of 85°C. The disinfection heat exchanger bypass valve 328 is 
only used during disinfection of the drainage module 500. 

The PD fluid produced by the concentrate mixing module 
400 is passed to the thermal control and sterilisation module 
300 via the mixing module output connection 4b. This fluid 
passes through the input volumetric flow meter 350 which 
records the flow of PD fluid filled into the patient. The PD 
fluid is drawn by a gear- type, volumetric pump 352 which is 
monitored by a tachometer 354 to ensure that the pump is 
operating at the expected volume flow rate. The delivery rate 
of the volumetric pump 3 52 is also monitored independently by 
the input volumetric flowmeter 350 to ensure correct operation. 
The volumetric pump 352 delivers the PD fluid at the required 
rate and pressure for on-line autoclaving, i.e. 300 ml/min and 
6 bar absolute (600 kPa) to prevent the fluid from boiling at 
150°C. A gear type pump has been selected to ensure that the 
water passing through the online autoclave 3 75 can be 
pressurised by the pump to the pressure necessary for the water 
to be heated to sterilisation temperature. 

In normal operation of the apparatus 100, the PD fluid 
35 passes into the on-line autoclave (OLA) 375 through an OLA 

input valve 356. At this point, the pressure of the. PD fluid is 
monitored by two independent OLA pressure sensors 358.. One of 
the OLA pressure sensors 358 provides a pressure reading to the 
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control system for the apparatus, the other sensor provides a 
reading to the separate protective system, see Figure la, which 
ensures that, even in the event of the apparatus 
malfunctioning, patient "safety Ts~'not" con^romisedV" The 
pressure, temperature and conductivity sensors which are 
positioned to monitor parameters that are crucial to the 
patient's safety in the system are all duplicated in this 
manner, so that the patient is never endangered by a single 
sensor malfunction and each patient safety measurement is 
independently double -checked. 

Downstream of the OLA pressure sensors 358 the PD fluid 
passes through a first OLA heat exchanger 3 SO and a second OLA 
heat exchanger 362, both of which preheat the PD fluid entering 
the OLA heating bath 3 64 by recovering heat from the fluid 
exiting the OLA heating bath 364. The OLA heating bath 364 is 
an oil heating bath heated by an electric heater 365 and 
provided with a recirculation pump 366 (gear pump) and a 
heating bath temperature sensor 368. The oil or ethylene glycol 
is circulated by the recirculation pump 3 66 through a heating 
fluid path 3 67 which includes the oil bath and the PD fluid (or 
water) passes through a sterilisation fluid path 369. The 
heating fluid path 3 67 and the sterilisation fluid path 369 are 
separated by a thermally conductive barrier. 

In order to ensure that the liquid leaving the OLA 
heating bath 3 64 is sterile, a parameter is defined which 
represents a sterilising value for the sterilisation process 
and which can be calculated, for example, from an algorithm 
modelling the temperature distribution inside the OLA heating 
bath 3 64 , and from the value of at least one other parameter 
which influences the sterilisation treatment, namely the flow 
rate Q of the liquid to be sterilised in the OLA heating bath 
364, the temperature (T^) of the liquid to be sterilised 
entering the OLA heating bath 364 and the temperature (T Hin ) of 
the heating liquid (ethylene glycol) entering the OLA heating 
bath 364. Since the temperatures at the outlet of the OLA 
heating bath 364 (temperature of the sterilised liquid and 
temperature of the heating liquid) are linked to the 
temperatures at the inlet of the OLA heating bath 364, it is 
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also possible to take into account in the calculations th e 
temperature (T cuc ) of the sterilised liquid leaving the OLA 
heating bath 364 and/or the temperature (T Hau6 ) of the heatina 
liquid leaving the OLA heating bath 364. 

When the parameter representing the sterilising value for 
the treatment is defined, a set value for this parameter is 
then chosen which is both high enough to correspond to an 
effective sterilisation of the liquid, and as low as possible 
m order to prevent or limit the degradation of the liquid to 
De steril i^d when this liquid is heat -sensitive (as in the 
case of solutions for peritoneal dialysis which contain 
glucose) . 

During functioning, the control system of the apparatus 
100 is programmed to calculate, at regular intervals, the value 
of the parameter representing the sterilising value for the 
treatment, from the algorithm of temperature distribution in 
the OLA heating bath 364, and the temperature and flow rate 
data measured by the OLA temperature sensors 370, the heating 
bath temperature sensor 368 and the input volumetric flowmeter 
350. Each time that a new value for the parameter is 
calculated, the control system checks that this calculated 
value is higher than the set value and therefore confirms that 
the liquid is sterile. A further temperature sensor 379 is used 
for obtaining the temperature of the liquid to be sterilised by 
25 the OLA before entering the heat exchanger. 

This checking process, which allows validation of the 
effective sterilisation of the liquid, can be passive. The 
reason for this is that, given that the sterile state is a 
crucial characteristic of the PD fluid it is possible to 
envisage a standard operating mode for the OLA 375 in which the 
choice of the flow rate for the liquid to be sterilised is 
limited to a restricted number of different predetermined 
values (for example three) and in which all of the other 
operating parameters for the device are preset as a function of 
35 the predetermined flow rates, such that the functioning of the 
device is simplified as much as possible. In this case, the 
checking process described above is used merely to validate the 
sterilisation. 



20 
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It is also possible to envisage an operating mode for the 
OLA 3 75 .in which the choice of flow rate of liquid to be 
sterilised is free within a range of determined values. In this 
" — case, "the control~"systTem carculates , ~"f r6m~the"chose^f lov^rat^ 
5 and from the set value for the parameter representing the 
sterilising value, the other operating parameters for the 
device, in particular the temperature of the heating liquid as 
measured by temperature sensor 368. During functioning, the 
control system regularly adjusts the flow rate of the 
10 volumetric pump 352 and/or the temperature of the heating 

liquid circulated by the recirculation pump 366, such that the 
calculated value of the parameter is always greater than the 
set value . 

The parameter denoted in the literature (see page 288 of 
15 the European Pharmacopoeia 1997, or page 1977 of the United 
States Pharmacopoeia, 23rd Edition) as F 0 (expressed in 
minutes) is used as the parameter representing the sterilising 
value for the sterilisation process- F 0 is the sum of the 
cumulative sterilising . effects during a sterilisation 
20 treatment, or sterilising value F Z T when the reference 

temperature T is equal to 25 0 °F (121.1°C) and the thermal 
inactivation value Z is equal to 18 °F (10 °C) . The thermal 
inactivation value Z is the temperature increase which 
multiplies by ten the rate of destruction of a specific 
25 microorganism. Z = 10 °C corresponds to a theoretical 

microorganism which is slightly more resistant than the 
microorganism reputed to be more heat-resistant than, any other 
spore -forming microorganism, Bacillus stearothermophilus . The 
canonical r formula for F 0 is shown in Equation 1. 



F Q -f 1Q\ 10 / d t <U 



This formula cannot be applied directly to the checking 
of a sterilisation treatment in which the liquid to be 
35 sterilised is permanently flowing and in which the heating 
means used to raise the temperature of the liquid to be 
sterilised does not bring this liquid to the same temperature 
at all points in the heating chamber. 
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When the heating means is arranged to heat the liquid to 
be sterilised along a portion of the pipe in which the liquid 
is circulating, it is the believed that the formula shown in 
Equation 2 can be used to calculate F„ 

5 

^0=/ — *10\ 10 J d y (2) 



In equation 2: 

10 L = length of the sterilisation fluid path 369 of the 

liquid to be sterilised through the OLA heating bath 364; 

S = internal cross section of the sterilisation fluid 
path 3 69 through the OLA heating bath 364; 

Q = flow rate of the liquid to be sterilised through the 
15 OLA heating bath 364; 

T(y) = equation of the temperature distribution of the 
liquid as a function of the distance from the inlet of the OLA 
heating bath 364. 

The equation T (y) depends on the structure of the OLA 
20 heating bath 364 and on its operating mode. For example, Figure 
8 shows a first example of a heat exchanger which is adapted 
for use in the OLA 3 75. This exchanger consists of two 
concentric pipes, the outer pipe forming a sleeve around the 
inner pipe. The sterilisation fluid path 369 is provided by the 
25 interior of the inner pipe and the heating fluid path 3 67 is 
provided between the inner and outer pipe. 

During operation, the liquid to be sterilised and the 
heating liquid, for example ethylene glycol, are circulated, in 
opposite directions, in the inner pipe (sterilisation fluid 
30 path 369) and in the outer pipe (heating fluid path 367) . The 
inside diameter of the sterilisation fluid path 369 is chosen 
such that, in the range of flow rates which includes the flow 
rates for operating the OLA 375 (100 to 400 ml/min) , the flow 
of the liquid to be sterilised is always turbulent. 
35 For an exchanger with an inner pipe made of stainless 

steel and an outer pipe made of copper and having the 
dimensions set out in Table 1 the equation for T(y) can be 
written according to Equation 3 . 
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Table 1 



Length (cm) 


222 


Inner pipe volume (ml) 


26 


Outer pipe volume (ml) 


105 


Cross section of the inner pipe (cm 2 ) 


0.117 


Area of the annular space between the inner 
and outer pipes (cm 2 ) 


0.502 


Internal perimeter of the inner pipe (cm) 


1.213 


External perimeter of the inner pipe (cm) 


1.995 


Internal exchange area of the inner pipe (cm 2 ) 


269 


External exchange area of the inner pipe (cm 2 ) 


443 



1 -z-x e 



-ILL 



(3) 



Tm - temperature of the liquid to be sterilised entering 
10 the sterilisation fluid path 3 69; 

T Hin = temperature of the heating liquid entering the 
heating fluid path 3 67 (such as measured by the heating bath 
temperature sensor 3 68) . 



15 



r = 6xl0' s * p 2 - 0.0577 Q + 19.084 



L 



301415 - 958 .1BQ+Q 4 



232. 6 + 65. 7 2C-0 . 20045 3Q 3 + 0- 00 020948 



20 Q = flow rate of the liquid in the sterilisation fluid 

path 3 69. 

As emerges from this example, it is possible to. calculate 
the sterilising value F 0 at any moment, from a measurement of 
the temperature T in of the liquid to be sterilised entering the 
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10 



15 



OLA heating bath 364, a measurement of the temperature T Hln of 
the heating liquid entering the OLA heating bath 364, a 
measurement of the flow rate Q of liquid to be sterilised and 
an equation modelling the temperature distribution inside the 
OLA heating bath 364. 

In the preferred embodiment of the invention, as ehown in 
Figure 4, the OLA heating bath is in the form of a bath of 
ethylene glycol which is agitated by the recirculation of the 
ethylene glycol by the recirculation pump 366 to ensure a 
uniform temperature throughout the OLA heating bath 364. The 
sterilisation fluid path 369 passes through the OLA heating 
bath 3 64 in a sealed conduit. The above principles are, 
however, applicable to the embodiment shown. 

Throughout all the operating phases of the OLA 375 in 
which the OLA 375 is expected to produce a sterile liquid 
(water or PD fluid) , the control system validates the 
sterilisation treatment carried out by checking that the 
calculated sterilising value F e is always greater than a first 
threshold value F 0ininl corresponding to the sterility of the 
20 liquid. 

The OLA heating bath 3 64 heats the PD fluid to a 
temperature of greater than 150°C and maintains the PD fluid at 
this temperature for at least 2 seconds to autoclave the PD 
fluid and thereby ensure sterility. The flow rate through the 
OLA heating bath 364 is 3 00 ml/min. Under these conditions it 
is believed that the equivalent theoretical F Q value is at 
least 20 minutes. 

The temperature of the sterile PD fluid exiting the OLA 
heating bath 3 64 is checked by two independent OLA temperature 
sensors 3 70 which ensure that the required temperature has been 
reached. Most of the heat from the autoclaved PD fluid is 
recovered to the PD fluid entering the OLA heating bath by the 
first and second OLA heat exchangers 3 60, 3 62. Any residual 
heat is recovered in the patient output heat exchanger 314 
35 which ensures that the temperature is acceptable for the 

patient, i.e. 3 7°c. The temperature of the autoclaved pd fluid 
is checked downstream of the patient output heat exchanger 314 
by two independent patient output temperature sensors 372. 



25 
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Finally, the pressure of the PD fluid is reduced by a patient 
output pressure relief valve 374 to a safe pressure for 



delivery t_o_ the jpatient. The autoclaved, pressure and 

temperature controlled PD fluid is then passedf to "the cycler " " 
5 and sterilisable connector module 600 via the sterile fluid 
connection 8a. 

During sterilisation of the cycler and sterilisable 
connector module 600 the fluid pumped by the volumetric pump 
352 takes a different path through the OLA so that the fluid is 

10 at 130°C, rather than 37°C. The fluid is maintained at a 

pressure of 3 bar absolute (300 kPa) to prevent boiling. In 
this case, the fluid passes through an OLA sterilisation valve 
376 and through a sterilisation heat exchanger 378 which 
recovers heat passing from the sterilisation output connection 

15 8b of the cycler and sterilisable connector module 600 to the 

sterilisation fluid return connection 8c. The heat recovered by 
the sterilisation heat exchanger 378 is used to preheat the 
fluid, which then passes to the second OLA heat exchanger 3 62 
for further preheating. The heating of the sterilisation fluid 

20 by the OLA heating bath 364 is similar to the process for 

autoclaving the PD fluid. However, heat is only recovered by 
the second OLA heat exchanger 3 62 and not the first OLA heat 
exchanger 360 or the patient output heat exchanger 314. The 
patient output heat exchanger 314 has been drained at this 

25 stage so that it contains only air which is a poor conductor of 
heat and does not therefore transfer a significant amount of 
heat from the sterilisation fluid. There is no flow through the 
heat -receiving side of the first OLA heat exchanger 3 60 because 
the OLA input valve 35 6 is closed and heat will not therefore 

3 0 be transferred to the heat -receiving side of the first OLA heat 
exchanger 360 once the fluid in that side has reached the 
temperature of the fluid in the heat transferring side. Even 
though there is no flow, the fluid in the heat -receiving side 
of the first OLA heat exchanger 3 60 does not boil because it is 

3 5 in communication with the fluid flow through the OLA heating 

bath 364 and is therefore at the same pressure. Thus, the fluid 
for sterilisation which exits the sterile fluid connection 8a 
has a much higher temperature, 13 0°C, than the fluid which is 
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provided to the patient, and is therefore suitable for 
sterilising the cycler and sterilisable connector module 600, 

The sterilisation of the cycler and sterilisable 
connector module 600 is considered as effective when all of the 
5 points in the fluid circuit downstream of the OIA heating bath 
364 have been brought, by means of the sterile liquid, to a 
minimum temperature T 2 for a minimum period t 2/ which 
corresponds to a second set sterilising value F 0mirl2/ given by 
Ecruation 4 



10 



F = t x 1D V 10 J ^ " **" 



Validation of the sterilisation of the fluid circuit can 
be achieved simply by the control system checking that, during 

15 an uninterrupted interval at least equal to t 2 , the temperature 
of the liquid measured by the patient output temperature 
sensors 372 has constantly been above T 2 . 

Since the sterilisation of the cycler and sterilisable 
connector module 600 is to be carried out with sterile water, 

2 0 the control system must validate both the sterilisation of the 
liquid and sterilisation of the fluid circuit- In other words, 
the control system must check both that the sterilising value 
for the sterilisation treatment applied to the liquid is 
greater than F 0minl and that the sterilising value for the 

25 sterilisation treatment applied to the circuit is greater than 
F 0(nia2 . For this reason, the second OLA heat exchanger 362 is 
used, as the temperature of the sterile liquid must be brought 
down from the fluid sterilisation temperature of 150°C 
(necessary to achieve F 0minl ) to the circuit sterilisation 

30 temperature of 13 0°C (which is lower than 150°C so that the 
pressure required in the cycler and sterilisable connector 
module 600 is only 3 bar absolute rather than 6 bar absolute) . 

The patient output pressure relief valve 374 operates 
during sterilisation to maintain the fluid before the relief 

35 valve 3 74 at a high pressure of 6 bar absolute and the pressure 
after the relief valve at the high pressure of 3 bar absolute 
required to prevent boiling at 130°c. A skilled person realises 
how to construct such a valve. If the water began to boil, it 



'99 03/30 TIS 14:01 FAX 46 46 169 189 GAJDRO PATENT; . ->-»-► PRV @063 

46 46 169 189 

" Ink. t Patent- ochreg.v*?^^ 

• 1999 03- 3 0 . 62 _ 

Huvudfaxen Kassan 

would not be possible to validate the sterilisation of the 
circuit, since it would not be possible to certify that every 

point of the circuit has come into contact with water at a 

minimum temperature for a minimum uninterrupted per iod~of- time. - — 
5 The fluid path in the apparatus 10 0 is carefully 

insulated to prevent heat loss during disinfection and/or 
sterilisation. In particular, the relative locations of the hot 
components are chosen to ensure that heat loss is kept to a 
minimum, i.e. adjacent components keep each other warm. In this 

10 way, it is ensured that the fluid paths are maintained at the 
correct disinfection or sterilisation temperatures along the 
whole of the path. A temperature sensor 380 arranged at 
connection 8b may be used for verifying the sterility of the 
fluid circuit up to heat exchanger 378. 

15 The heat exchangers 360,362,378 are in one embodiment 

shaped like the exchanger represented in Figure 9, i.e. with 
the junction on a part of their length of the heating pipe and 
the fluid pipe. The two portions of joined pipes are shaped to 
form a coil with joined spirals, and both the inside and the 

2 0 outside of the cylinder thus formed are covered with a material 
which is a good heat conductor. 

Other details of the thermal control and sterilisation 
module 300 are described in our co-pending application entitled 
"Process and device for sterilising and dispensing a liquid for 

25 medical use", Gambro reference HP 1310, which is incorporated 
herein by reference and a copy of which is attached hereto. 

Concentrate mixing module 40 0 

Figure 5 shows in detail the structure of the concentrate 

30 mixing module 400. The concentrate mixing module 400 includes 
the disposable concentrate container 4 02 which interfaces with 
the manifold 404 and is covered by the manifold cap 406. The 
disposable concentrate container 4 02 includes chambers, in the 
form of compartments for an aqueous solution of lactic acid 

35 408, cleaning agent 410 (for example powdered sodium 

carbonate), powdered sodium bicarbonate 412, powdered sodium 
chloride 414, powdered calcium chloride 416, powdered magnesium 
chloride 418 and powdered glucose 420- The disposable 
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concentrate container 4 02 contains enough material in each 
compartment for a PD treatment session of the patient according 
to a selected one of a large number of prescriptions - 

The range of composition for each of the components of 
5 the PD fluid which can be delivered to the patient stored in 

the disposable concentrate container 402 is set out in Table 2, 
together with the composition range for sodium lactate which is 
formed from the lactic acid and sodium bicarbonate. The mass of 
the components in the disposable concentrate container 4 02 and 
10 the approximate volume of each compartment 408-42 0 are also 
given in Table 2 . 



Table 2 



Component 


Composition 
Range 


Maes in 
compartment 


App rox - volume 
of compartment 


Sodium chloride 


120-140 mmol/1 


208g 


300 ml 


Magnesium 
chloride 


0-25-0.50 
mmol/1 


36g 


150 ml 


Calcium 
chloride 


1.0-2.0 mmol/1 


52g 


300 ml 


Sodium lactate 


0-40 mmol/1* 






Sodium 
bicarbonate 


0-40 mmol/1* 


12 Og 


150 ml 


Lactic acid 


Compatible with 
sodium lactate 
and sodium 
bicarbonate 
levels 


I20g 


300 ml 


Glucose 


1.5-4.0% w/w 


1176g 


1800 ml 


Sodium 
carbonate 




20 


ISO ml 


Note: *ln any given solution, the molar concentrations of sodium 

lactate and sodium bicarbonate add up to between 30 and 4 0 
mmol/1 , 



The concentration of sodium in the PD fluid delivered to 

the .patient is within ± 2.5% of the requested amount. The 

concentration of each of the other ingredients is within" ± ~5~%~ ~ 
5 of the requested amount. This assumes a fill volume of at least 
one litre. It is likely that for any given prescription, at 
least one of the components of the dialysis fluid in the 
container 4 02 will not be entirely used up, as the amounts are 
selected to cover a wide variety of prescriptions. 

10 In addition or as* an alternative to the components listed 

in Table 2, other components could be included, for example 
potassium salts. 

It should be noted that the relative arrangement i.e. the 
order, of the compartments 4 08-42 0 in Figure 5 (and Figure 5a) 

15 is schematic only, and does not represent any physical order, 
but is chosen to easily represent the topology of the fluid 
system. Figures 10 and 11 show the order of the compartments 
408-420 in the disposable concentrate container 402 according 
to one embodiment of the . invention. 

20 Figure 10 shows the : construction of the disposable 

concentrate container 402. The compartments 408-420 are 
individually injection moulded in polypropylene and are mounted 
to a chassis 401 at their lower ends. The upper ends of the 
compartments 408-420 are held together by a lid 403 which also 

25 serves to close off the upper end of the glucose compartment 

420 and provide a carrying handle for the container 402. As is 
clear from Table 2, the lactic acid compartment 408, the sodium 
chloride compartment 414 ' and the calcium chloride compartment 
416 are each approximately twice the volume of the cleaning 

30 agent compartment 410, the sodium bicarbonate compartment 412 
or the magnesium chloride compartment 418. The glucose 
compartment 42 0 is significantly larger than the other 
compartments 408-418. Each of the compartments 408-418 is 
provided at its lower end with at least one connector 407 for 

35 connection to the manifold 404. 

Figure 11 shows a partially sectional view through the 
disposable concentrate container 402 with part of the chassis 
401 removed, and which clearly shows the connectors 407 of the 
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compartments 408-420. The glucose compartment 420 is provided 
with two connectors 407a, 407b, the function of which will be 
explained below. 

Figures 12a to 12c show perspective views of the lid 403 
5 (Figure 12a) , glucose compartment 42 0 (Figure 12b) and chassis 

401 (Figure 12c) of the disposable concentrate container. As 
shown in Figures 12a to 12c , the lower surface of the glucose 
compartment 420 is sloped to direct the glucose powder in the 
compartment 420 towards the input connector 4 07a. The 

10 connectors 407 of each of the compartments 408-420 are received 
in corresponding holes 409 defined in the chassis 401. The 
holes 409 are aligned in the longitudinal direction of the 
chassis 401 along a line A which is offset by a distance from 
the longitudinal axis of symmetry B of the chassis 401. In this 

15 way, the container 402 is made rotationally asymmetric so that 
it cannot be inserted into the apparatus 100 the wrong way 
round . 

The compartments 4 08-418 are snapped in place and the 
glucose compartment 42 0 is hot rivetted (heat staked) to the 
20 chassis 401 using rivets 411 which are formed integrally with 
the compartment 420. The rivets 411 are received in 
corresponding holes 405 in the chassis 401. Also, the rivets 
411 of compartments 408 to 418 may be hot rivetted. 

The chassis 401 includes a skirt 413 which is corrugated 
25 for strength and protects the connectors 407 when the container 

402 is placed on a surface. The skirt or the connectors may be 
provided with a removable strip 443 for the protection of the 
connectors 407 during transport and storage. 

Figure 13 shows the magnesium chloride compartment 418 as 
30 an example of the smaller size of compartment 410,412,418. 
Figure 14 shows the sodium chloride compartment 414 as an 
example of the larger size of compartment 408,414,416. The 
lower surface of each size of compartment 410,412,418 and 
408,414,416 slopes towards the connector 407 so that the powder 
35 (or liquid) in the compartment 408-418 is directed towards the 
connector. Each compartment 408-418 has a compartment lid 415 
which is fitted to the compartment 408-418 after the 
compartment has been filled with the respective powder or 
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liquid, in this way, it is not necessary to fill the container 
408-418 through the narrow connector 407, which would be 

difficult_._The compartment lids 415 are heat welded (hot 

melted) to the respective compartments~4 08-4i87Xs^mentioned " 
5 above, the container lid 403 also forms the lid which closes 
off the glucose compartment 42 0 and is heat welded thereto. 

Referring back to Figure 5, a new disposable concentrate 
container 402 is connected to the manifold 404 at the beginning 
of a PD treatment session, after disinfection, and is 
10 disconnected and discarded once the treatment has finished. A 
connection motor 422 engages with the disposable concentrate 
container 402 and drives the container into connection with the 
manifold 4 04. 

Functionally, the compartments 408-420 of the disposable 
15 concentrate container 402 are of three types- The first type 
includes the lactic acid compartment 4 08, the cleaning agent 
compartment 410, the calcium chloride compartment 416 and the 
magnesium chloride compartment 418. This first type of 
compartment has an air vent channel 424 which extends from an 

2 0 upper region of the interior of the compartment to a direct 

opening to atmosphere in the manifold 4 04 when the compartment 
408,410,416,418 is connected to the manifold 404, The air vent 
channel 424 allows air to exit the compartment 408,410,416,418 
when water is introduced into the compartment via a fluid 

25 channel 426 of this type of container or when fluid is 

withdrawn from the compartment 408,410,416,418 via the fluid 
channel 426. The fluid channel 426 introduces the fluid in a 
lower region of the interior of the compartment 408,410,416,418 
so that the water contacts all of the material as the water 

30 level rises up the " compartment . 

This first type of compartment 408,410,416,418 is used to 
contain powdered salts which are only required in small 
amounts, so that the salt can be included in an amount which 
dissolves completely without additional agitation when a 

3 5 sufficient amount of water is introduced into the compartment, 

or for salts which are already in a concentrated solution. 

The second type of compartment 412,414 is used for salts 
which are required in such large volumes that the compartment 
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412,414 would have to be too large to contain at once all of 
the water required to dissolve all of the required salt. Thus, 
compartment 412 contains sodium bicarbonate and compartment 414 
contains sodium chloride. This type of compartment includes a 
combined air vent and fluid channel 428 and a combined priming 
and output channel 430. Initially the salt in this type of 
compartment 412,414 is immersed (or primed) by introducing 
water through the combined priming and output channel 43 0 in a 
lower region of the compartment , while air is vented from an 
upper region of the compartment through the combined air vent 
and fluid channel 428. The priming operation fills the 
compartment 412,414 with water to immerse all of the salt 
therein. A similar technique is described in EP-A-0278100 which 
is incorporated herein by reference. 

Once the salt has been fully wetted, water is drawn 
through the combined air vent and fluid channel 428 and allowed 
to percolate through and dissolve the salt, so that salt 
solution can be drawn off in a lower region of the compartment 
412,414 through the combined priming and output channel 430. As 
the salt solution is drawn from the compartment 412,414 the 
reduction in pressure causes a corresponding volume of water to 
enter the compartment 412,414 through the combined air vent and 
fluid channel 428 which is connected to a source of water. 

It would be possible to operate the second type of 
compartment 412,414 in a similar manner to the first type of 
compartment 408,410,416,418. For example, the compartment may 
be filled with water through the output channel 43 0 to dissolve 
the salt therein and the (substantially saturated) salt 
solution may be withdrawn through the output channel 43 0. 
Because the amount of salt in the second type of compartment 
412,414 is larger than can be dissolved by the volume of water 
that fills the compartment 412 , 414 , some salt will remain in 
the compartment 412,414 after the solution is withdrawn. The 
compartment 412,414 can therefore be refilled with water to 
obtain more solution. 

The physical configuration of the first and second types 
of compartment is identical when the container 4 02 is. not 
connected to the manifold 404. It is only the contents of the 
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compartment and the arrangement of valves and air vents in the 
mixing module 400 which determines the type of the compartment. 

The third type of compartment is the glucose compartment 

420. Glucose is particularly difficult to dissolve" consistently 

5 and quickly in high concentrations, such as 50%, and therefore 
requires recirculation to ensure that all the glucose is 
dissolved. Furthermore, the volume of the glucose solution 
decreases as the glucose dissolves and thus the glucose 
compartment 42 0 requires continuous venting throughout the 

10 dissolution process. Thus, the glucose compartment 420 includes 
a glucose air vent channel 432 which is permanently connected 
to atmosphere when the disposable concentrate container 402 is 
connected to the manifold 404, a fluid input channel 434 which 
inputs water or recirculated glucose solution to a lower region 

15 of the glucose compartment 420, and a glucose output channel 
43 6 which draws glucose solution from an upper region of the 
glucose compartment 420 through a glucose particle filter 438 
which prevents particles of glucose from accidentally entering 
the fluid system. 

20 The inventors have found that good results are achieved 

with monohydrate glucose, specifically LYCADEX PF/Dextrose mono 
pyrogen free from Roquette Freres S.A. of Lestrem, France, 
because this glucose is available in the quality required by 
the European Pharmacopoeia 1997 and is relatively inexpensive . 

25 Furthermore, the inventors have found that anhydrous glucose 

forms a cake when water is added to it which prevents effective 
dissolution. It is believed that a relatively large particle 
size is also advantageous in terms of effective dissolution, 
since large particle size results in improved flowability and 

3 0 less caking. 

Figure 15 shows a sectional view through the lower part 
of the glucose compartment 42 0 of the disposable concentrate 
container 402 in position above the manifold 4 04, which 
illustrates the relative positions of the container 402, cap 

3 5 406 and manifold 4 04 when the container 4 02 is loaded into the 
apparatus 100. The container 402 is loaded into the apparatus 
100 by sliding it horizontally along a pair of container 
support rails 417. The container support rails 417 engage with 
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projections 419 on the connectors 407 of the container 402 so 
that the container support rails 417 hold the container 402 in 
a vertical position. The container support rails 417 are driven 
by the connection motor 422, see Fig. 5, in the vertical 
5 direction to raise or lower the container 402. It should be 
noted that when the disposable concentrate container 402 is 
loaded into the apparatus 100, the cap 406 closes off the 
manifold 4 04 to prevent outside contamination of the manifold 
4 04 while the interior of the apparatus 100 is necessarily open 

10 to the atmosphere. Once the container 402 is loaded into the 
apparatus 100, the connection motor 422 acts to drive the 
container 4 02 downwardly via the container support rails 417 
onto the cap 406 to keep the cap 406 firmly in position on the 
manifold 4 04 during disinfection. 

15 As shown in Figure 15, the manifold 4 04 includes a 

drainage port 441 through which fluid may be drained to a 
reservoir vent disinfection valve 498, as described below. 

As shown in Figure 15 # the connector 4 07 includes an 
insert 421 which fits inside the neck of the compartment 42 0 

2 0 and retains a septum 423 of silicone rubber or thermoplastic 
elastomer which seals off the compartment 42 0 during storage. 
The insert 421 includes (part of) the projections 419 for 
engagement with the container support rails 417 and is welded 
into the neck of the compartment 420. The connectors 407 of 

25 each of the compartments 40S-420 are all constructed in the 
same manner. 

Within the compartment 420, a central pipe 425 runs up to 
the top of the compartment 420, although this is not shown in 
Figure 15. Each compartment 408-420 has a central pipe 425 

30 which functions as the air vent channel 424, the combined air 
vent and fluid channel 428, the glucose output channel 436 or 
the glucose air vent channel 432 depending on the particular 
compartment 408-420. 

At its upper end (not shown) the central pipe 42 5 may be 

35 received in an annular projection from the compartment lid 415 
which is of a larger diameter than the central pipe 425 and 
circumscribes the central pipe 425. The gap between the annular 
projection and the wall of the central pipe 425 may act as a 
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filter- 
Alternatively, the central pipe 425 may be provided with 
an injection moulded filter element 439 as shown in Figure 23. 

Between the base of "the ^"central - "^ipe"425~ana'~t:lfe'~sl"oping 

5 floor of the compartment 420, a diffuser 427 is provided in the 
form of a series of spaced bars extending radially outwardly 
from the central pipe 425 to the floor of the compartment 420. 
The diffuser 427 is shown in more detail in Figure 22. The 
diffuser 42 7 supports the central pipe 425 in the compartment 
10 42 0 and also diffuses the flow of water (or other fluid) into 
the compartment 42 0 so that the flow is turbulent which 
^ agitates the powdered salt (or glucose) in the compartment 420 

to aid dissolution. When the turbulent flow of water dissolves 
the powder in the region of the diffuser 42 7 the remaining 
15 powder falls down inside the compartment 420 so that all of the 
powder is dissolved. 

In general, each of the compartments 408-420 is 
constructed in this way. In one possible arrangement (not 
shown) the glucose compartment 42 0 has tapered sides extending 
20 outwardly in the upward direction which prevent the glucose 

powder in the compartment from lifting up when water is added. 

If there is a tendency for the powder to lift, a water channel 
is formed at the periphery of the compartment. The water 
dissolves any powder in this region, resulting in that the 
25 powder falls down and seals the channel. 

As shown in Figure 15, the manifold 404 comprises a 
respective spike 429 for each connector 407. The spike 429 is 
arranged to break through the septum 423 to establish fluid 
communication between the manifold 404 and the compartment 420. 
3 0 The spike 429 is removably located in the manifold 404 and is 
intended to be replaced when it has been worn down by 
successive septa penetrations. 

The spike 429 has a central fluid channel 431 defined 
therein which connects to the central pipe 425 of the 
35 compartment 420 (Figure 17) . A further fluid channel 433 is 
also defined in the spike 429 and, when the container 402 is 
fitted to the manifold 404, is in fluid communication with the 
interior of the compartment 420 via the diffuser 427. Thus, the 
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central fluid channel 431 and the central pipe 425 form a 
combined fluid channel which is concentric with the fluid 
channel formed by the neck of the connector 4 07. The type of 
spike 42 9 shown in Figure 15 is used to connect to the sodium 
5 bicarbonate compartment 412 and the sodium chloride compartment 
414 and also the first connector 407a of the glucose 
compartment 42 0 to form the fluid input channel 434 and the 
glucose output channel 43 6. 



10 form of spike 429a, the central fluid channel 431a connects the. 
central pipe 425 of the compartment 418 directly to atmosphere 
so that the central pipe 425 acts as an air vent. This type of 
spike is used to connect the lactic acid compartment 408 , the 
cleaning agent compartment 410 , the calcium chloride 

15 compartment 416 and the magnesium chloride compartment 418 to 
the manifold 404 and also to connect to the second connector 
4 07b of the glucose compartment 420, to form the glucose air 
vent channel 432 . 



20 portion 435 which fits over the spike 429a when the cap 406 is 
in position over the manifold 404 for disinfection of the 
apparatus 100. The cover portion 435 redirects a flow of 
disinfection fluid which emerges from the further fluid channel 
43 3 back into the central fluid channel 431a, so that the 

25 central fluid channel 431a is disinfected. If the cover portion 
435 were not present, it would not be possible to direct 
disinfection fluid through the further fluid channel 433 into 
the central fluid channel 431a. 



30 manifold 404. To achieve this from the position shown in Figure 
15, the container 402 is lifted by means of the container 
support rails 417 so that the cap 406 can pivot into the 
position shown in Figure 16. The cap 40*6 is attached to the 
manifold 4 04 by a spring-biased hinge 43 7 which ensures that 

35 the last part of the cap's movement onto the manifold 404 is 
linear, rather than rotational, so that there is no lateral 
abrasion of the seals between the manifold 404 and cap 406. A 
small D.C. motor (not shown) in the hinge 437 provides the 



An alternative spike 429a is shown in Figure 18. In this 



As shown in Figure 18, the cap 406 includes a cover 



Figure 16 shows the manifold cap 4 06 removed from the 
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motive power to rotate the cap 406 into and out of positio 
the manifold 404. Alternatively, a spring mechanism may be 



Figure 17 shows the container" 4'02~ ~in~ posilfibh - oh "the 

manifold 404 # with the septum 423 broken by the spike 429. 

Figure 24 and Figure 25 show an alternative design of the 
compartments, for example compartment 408 or 418. Below, 
compartment 408 will be described- The design differs from the 
design described in connection with Figures 13 - 18 mainly in 
the arrangement of the air vent channel 424 and the fluid 
channel 42 6. 

The neck portion of the compartment 4 08 comprises an 
insert 542 having a membrane 545 attached to its upper surface. 
The membrane 545 is for example an aluminium foil, which may be 
broken and penetrated by a spike 429. The central channel of 
the spike co-operates with the air vent channel 424 as in the 
previous designs . 

Integral with the air vent channel 424 is arranged a 
first tube 544. The first tube may have a circular cross 
section but any shape is possible. Inside the first tube 544 is 
arranged a second tube 546 leaving a small space 548 to the 
first tube 544. At the bottom of first tube 544, the small 
space 54 8 opens to the interior of the compartment 408 in a 
narrow ring-shaped slit 550. The second tube 546 is at the top 
thereof provided with a hole 552 communicating the interior of 
the second tube with said small space 548. At the bottom 
thereof, the second tube 54 6 is connected to the ring-shaped 
channel of the spike 42 9 as shown. 

In operation, in case of a compartment comprising powder 
which should be primed, water is entered via spike 429 into 
second tube 546 up to the top thereof. Water passes out through 
hole 552 to the small space 548 and flows down to the ring- 
shaped slit 550 from where it is directed sideways along the 
bottom surface of the compartment to prime and, if applicable, 
dissolve the powder in the compartment. The small space still 
maintain most of its air content, since water is passed slowly 
down along the exterior surface of the second tube 546 and 
along the interior surface of first tube 544 . 



used. 
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After priming and when fluid is to be taken out from the 
compartment/ a suction is exerted by the spike inside tube 546. 
Fluid is sucked via slit 550 and upwards in the small space 548 
to opening 552. The air in the small slit is moved down the 
5 upper portion of the second tube 54 6 but maintain entrapped 
there. Fluid fills the rest of the second tube 546. Since the 
flow is slow in the second tube 54 6, the air stays in the upper 
portion. 

If the compartment is disengaged from the spike, the 
10 fluid in the second tube 546 is given off to the manifold 

portion 404 (figure 5) . The air cushion in the upper portion of 
the second tube 546 prevents further fluid to pass upwards in 
the small space 548, and no further fluid may pass out from the 
compartment. Thus, drips from the cartridge is prevented, apart 
15 from the first few drips at disengagement. In this design, the 
septum 423 used in the previously described design is no longer 
necessary. 

Figure 2 5 shows the same compartment as if figure 24 with 
the spike in the engaged position. 

2 0 This design may be used with the lactic acid compartment 

408, which is in liquid form from the start. The same design 
may also be used for the other compartments enclosing powder 
components, inclusive the glucose compartment. 

Returning to Figure 5, in normal operation of the 
25 concentrate mixing module 400, heated purified water from the 
thermal control and sterilisation module 300 enters the 
concentrate mixing module 400 through the mixing water feed 
connection 4a. A mixing system bypass valve 44 0 allows the 
purified water to be output through the mixing module output 

3 0 connection 4b without being processed by the concentrate mixing 

module 400, for example for sterilisation of downstream 
components. The water flow into the mixing system may be 
stopped by a mixing water stop valve 442 » 

Downstream of the mixing water stop valve 442 a glucose 
35 selector valve 444 is arranged to either allow the purified 
water to pass or to stop the flow of purified water and pass 
glucose solution from the glucose compartment 420 to the 
downstream components of the mixing system. In order to supply 
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water to the glucose compartment 42 0 for dissolving the 
glucose, the mixing system bypass valve 440 is opened and a 
reversible flow control pump 446 is used to draw purified water 

f rom~the~ mixing" water^ f eed _ connection-4a and -pump- it— through 

the glucose selector valve 444 to the glucose compartment 42 0 
via the glucose input valve 490 and fluid input channel 434. 
The flow control pump 44 6 is a piston pump of similar 
construction to the Gambro standard part No. Kl 4207 002 but 
having a 9 mm or 12 mm diameter, rather than the standard 6 mm 
diameter. A glucose recirculation pump 448, for example a gear 
pump or a centrifugal pump, recirculates the water through the 
glucose compartment 420 via the fluid input channel 434 and the 
glucose output channel 436, to ensure total dissolution of the 
glucose. During recirculation, the glucose input valve 490 is 
closed and the rest of the mixing module 40 0 can therefore 
operate independently while the glucose is being dissolved. 

Downstream of the glucose selector valve 444 a mixing 
chamber 450 mixes the flow of purified water from the mixing 
water feed connection 4a (or glucose solution from the glucose 
compartment 42 0) with the flow from a reversible salt input 
displacement pump 452 (Gambro standard part Kl 4207 002) . 

The flow control pump 446 is provided with a tachometer 
454, and the salt input displacement pump 452 is also provided 
with a tachometer 456. The tachometers 454,456 monitor the 
volume flow rates of the respective pumps 44 6,452 in order to 
verify correct operation. When a pumping operation is carried 
out solely under control of the salt input displacement pump 
452, the flow control pump 44 6 is bypassed by opening a flow 
control pump bypass valve 458. Both the salt input displacement 
pump 452 and the flow control- pump 44 6 are piston pumps which 
have the necessary volumetric accuracy to control the salt 
concentration of the PD fluid. The maximum flow rate through 
the salt input displacement pump 452 is for example 50 ml/min 
and the maximum flow rate through the flow control pump 44 6 is 
for example 180 ml/min. 

Downstream of the flow control pump 446, two independent 
mixing conductivity meters 460 monitor the composition of the 
salt solutions passing there through, in combination with 
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respective independent mixing temperature sensors 462. The two 
conductivity meters 460 and two temperature sensors 462 are 
provided for redundancy in the event of the failure of one 
meter or sensor. One of the meters and one of the temperature 
5 sensors communicates with the control system and the other 
meter and sensor communicate with the protective system, see 
Fig. la. 

Downstream of the mixing conductivity meters 460 and the 
mixing temperature sensors 462, a drain disinfection valve 464 
allows water from the mixing water feed connection 4a to be 
passed to the mixing module drain connection 15. The drain 
disinfection valve 464 is activated in this way during 
disinfection. In this case, the water entering the mixing water 
feed connection 4a has been heated to disinfection temperature 
by the thermal control and sterilisation module 300 and is then 
passed to the drainage module 500 via the drain disinfection 
valve 464 to disinfect the drainage module 500. 

A reservoir filling valve 466 directs the fluid passing 
through the mixing conductivity meters 4 60 either to the mixing 
module output connection 4b or to a concentrate reservoir 468, 
which is used to store the concentrated PD fluid before it is' 
diluted by a controlled flow of purified water. The concentrate 
reservoir 468 has a reservoir output valve 470 through which 
the concentrated PD fluid may be passed to the salt input 
25 displacement pump 4 52. 

The concentrate reservoir 468 also has a reservoir air 
vent connection 472 which can be opened to atmosphere at the 
manifold cap 406 under the control of a reservoir air vent 
valve 496 to vent air during filling or emptying of the 
30 concentrate reservoir 468. Because the concentrate reservoir 
468 contains concentrated PD fluid which will be supplied to 
the patient, the reservoir air vent connection 472 is 
disinfected. In order to achieve this and to disinfect the 
spikes 429, during disinfection, the manifold cap 4 06 is 
35 lowered onto the manifold 404 to form a sealed cavity as shown 
in Figure 15. This cavity can be filled with hot disinfecting 
fluid from the thermal control and sterilisation module 300 via 
the mixing water feed connection 4a, as described in detail 
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below. The air which is initially contained within the cavity 
formed by the manifold 4 04 and the cap 4 06 is passed to the 
drainage module 500 through the mixing module drain connection 

15 via^a" cap- air ~ vent 'valve 474t Once all- the- ai-r has been 

5 vented from this cavity, the cap air vent valve 474 provides a 
connection from the cavity formed by the manifold 404 and the 
manifold cap 406 to the mixing module drain connection 15 so 
that disinfection fluid can be circulated through the cavity. 
In this way, the reservoir air vent connection 4 72 can be 

10 completely disinfected, even though in operation of the system 
the reservoir air vent connection 472 is open to atmosphere. 
The reservoir air vent valve 496 is closed during this process, 
but can be opened once the manifold 404 and manifold cap 406 
have been disinfected to pass disinfection fluid from the 

15 reservoir air vent connection 472 directly to the mixing module 
drain connection 15 to disinfect the reservoir air vent valve 
496. The cavity formed by the manifold 404 and the manifold cap 
406 is drained after disinfection by connecting the cavity to 
atmosphere at the manifold cap air vent 6 by opening the cap 

20 air vent valve 474. Disinfection fluid is then able to drain to 
the drainage module 500 via the reservoir vent disinfection 
valve 498, the reservoir air vent valve 496 and the mixing 
module drain connection 15. 

The dissolution and mixing of the salts from the 

25 compartments of the disposable concentrate container 402 is 

effected by the opening and closing of the valves on the fluid 
lines 426,430 of the compartments 408-418, such that the salt 
input displacement pump 452 in a priming step can supply water 
to, and subsequently withdraw salt solution from, each of the 

3 0 compartments 408-418. 

Each compartment 408-418 of the disposable concentrate 
container 402 is provided with a respective input valve, namely 
a lactic acid input valve 478, a cleaning agent input valve 
48 0, a sodium bicarbonate input valve 482, a sodium chloride 

35 input valve 484, a calcium chloride input valve 486 and a 

magnesium chloride input . valve 488. In addition, the function 
of the combined air vent and fluid channels 428 of the sodium 
bicarbonate compartment 412 and the sodium chloride compartment 
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414 as controlled by a sodium bicarbonate air vent valve 492 
and a sodium chloride air vent valve 494, respectively. 

The correct operation of these valves 478-488 is 
monitored using a salt input pressure sensor 476 in the 
following manner. After one of the input valves 478-488 has 
been operated and is closed, a signal is sent to all of the 
input valves 478-488 to close the valves. The salt input 
displacement pump 452 is then energised to pump water from the 
mixing water feed connection 4a towards the input valves 47*- 
488. The pressure generated by the salt input displacement pump 
452 xs monitored by the salt input pressure sensor 476. In the 
event that one of the input valves 478-488 is stuck in the open 
position, a sufficiently high pressure will not be attainable 
and this fault condition will be detected by the salt input 
pressure sensor 476. 

In the case of the first type of compartment 
408,410,416,418 described above and taking the calcium chloride 
compartment 416 as an example, water from the mixing water feed 
connection 4a is drawn by the salt input displacement pump 452 
through the mixing chamber 450 and is pumped through the 
calcium chloride input valve 486 into the calcium chloride 
compartment 416 via the fluid channel 426 of that compartment 
All other input valves 478-488 of the other compartments 408- 
418 are closed. The air in the calcium chloride compartment *16 
which is displaced by the water pumped into that compartment is 
vented to atmosphere through the air vent channel 424. 

When the salt input displacement pump 452 has passed the 
required amount of water into the calcium chloride compartment 
416, it is expected that all the calcium chloride powder that 
was in the compartment when the disposable concentrate 
container was loaded has been dissolved. The weight of calcium 
chloride in the calcium chloride compartment 416 is 
predetermined and the volume of water passed by the salt input 
displacement pump 452 is -known, such that an approximation of 
the concentration of the calcium chloride solution formed in 
the calcium chloride compartment 416 can be derived. 

The displacement pump 452 is driven by a step motor. Each 
step corresponds to a well defined volume of fluid pumped, 
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dependent on the rotational position of the step motor. The 
control system of the pump motor calculates the volume pumped 

_ _ by the pump in a accurate manner. 

In order to transfer the necessary ^mbuiS ~df "c^rcium^ 
5 chloride solution to the concentrate reservoir 468 , the flow 
control pump 44 6 is activated to draw water from the mixing 
water feed connection 4a at a predefined rate. The water is 
directed to the mixing module drain connection 15 by the drain 
disinfection valve 464. The salt input displacement pump 452 is 

10 activated to pump the calcium chloride solution at a controlled 
volume flow rate through the mixing chamber 450 via the flow 
control pump 446 through the mixing conductivity meters 460 to 
the mixing module drain connection 15 . The flow rate through 
the mixing water feed connection 4a is reduced by an amount 

15 equal to the flow rate generated by the salt input displacement 
pump 452 because the flow rate through the flow control pump 
446 is constant, whereby a predetermined dilution ratio is 
obtained. The mixing conductivity meters 4 60 measures the 
conductivity, and thus the concentration, of the diluted 

2 0 calcium chloride solution and the flow rate of the salt input 

displacement pump 452 is adjusted to achieve a predetermined 
concentration. Once the concentration is achieved, the drain 
disinfection valve 464 is. switched and the reservoir filling 
valve 466 directs the calcium chloride solution to the 
25 concentrate reservoir 468, where it is stored until all the 

components of the concentrated PD fluid have been prepared. The 
total volume and the concentration of the calcium chloride 
solution which has passed, through the flow control pump 446 
into the concentrate reservoir 468 is therefore known and thus 

3 0 the amount of calcium chloride present in the concentrate 

reservoir. It is noted that the order of introduction of salts 
is closer described below. 

A similar process to that for the dissolution and ■ 
measurement of the calcium chloride solution is used for the 
35 preparation of the magnesium chloride solution from the 

magnesium chloride compartment 418. The cleaning agent is also 
dissolved in the cleaning agent compartment 410 in this way, 
when required- The lactic acid is routed to the concentrate 
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reservoir 468 without dilution. As explained below, the 
solution created with the cleaning agent is not a component of 
the PD fluid. 

The solutions of sodium bicarbonate and sodium chloride 
are produced in a different manner to those for magnesium 
chloride and calcium chloride, because sodium bicarbonate and 
sodium chloride are used in greater amounts than magnesium 
chloride and calcium chloride. Taking ae an example the 
preparation of sodium bicarbonate, all of the input valves 4 78- 
488 are closed, except for the sodium bicarbonate input valve 
482. The sodium bicarbonate air vent valve 492 is set such that 
the combined air vent and fluid channel 428 of the sodium 
bicarbonate compartment 412 is connected to atmosphere via the 
manifold 404. The salt input displacement pump 452 pumps a 
measured quantity of water from the mixing water feed 
connection 4a via the mixing chamber 450 through the sodium 
bicarbonate input valve 482 and into the sodium bicarbonate 
compartment 412 via the combined priming and output channel 
430. Sufficient water is introduced into the sodium bicarbonate 
20 compartment 412 that the sodium bicarbonate powder in the 
compartment 412 is fully immersed in water. 

Once the sodium bicarbonate powder in the sodium 
bicarbonate compartment 412 is fully immersed the sodium 
bicarbonate air vent valve 492 is switched to provide a fluid 
25 path from the mixing water feed connection 4a to the combined 
air vent and fluid channel 428 of the sodium bicarbonate 
compartment 412. The salt input displacement pump 452 is 
reversed and draws a substantially saturated sodium bicarbonate 
solution out of the sodium bicarbonate compartment 412 through 
30 the combined priming and output channel 43 0 and the sodium 
bicarbonate input valve 482. The conductivity of the sodium 
bicarbonate solution is controlled and the solution is diluted 
and stored in the concentrate reservoir 468 in the same manner 
as for the calcium chloride solution described above. 
35 The mixing and measuring of the sodium chloride solution 

is carried out in a corresponding manner. 

The amounts of salt in each of the compartments 408-418 
are chosen such that in correct operation each compartment 408- 
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418 produces a salt solution with a characteristic 
conductivity. Thus, if a malfunction of the system occurs 
whereby^the^wrong salt solution, for example magnesium chloride 

instead of calcium chloride, is~ produced, "this" will be " 

identifiable from the conductivity measurement. 

Furthermore, the salts are mixed at relatively high 
concentrations which provides an environment in which bacteria 
are unable to survive and thereby aids bacteriological control. 
The relatively high concentrations also allow the conductivity 
meters 4 60 to operate in a range in which measurement errors 
are relatively insignificant compared to the measured values, 
thereby increasing the accuracy of the concentration 
measurements. 

The dissolution of the glucose solution has been 
15 described above. A required amount of the glucose solution is 
pumped to the concentrate reservoir 468 via the glucose input 
valve 490, glucose selector valve 444 and the reservoir filling 
valve 466 by the flow control pump 446. This pump is used 
because it has a high capacity, whereby the metering of the 
20 glucose may take place in a shorter time. 

At the end of the dissolution and measuring operation, 
the concentrate reservoir 468 contains concentrated PD fluid 
with the correct relative proportions of salts and glucose 
required by the patient's individual prescription but at a 
25 higher absolute concentration. Thus, it is then only necessary 
to add water to this concentrated PD fluid to obtain PD fluid 
according to the patient's prescription. 

When it is desired to provide the PD fluid to the patient 
through the mixing module output connection 4b, a measured flow 
3 0 (around 50 ml/min) of concentrated PD fluid is drawn from the 

concentrate reservoir 468 via the reservoir output valve 470 by 
the salt input displacement pump 452, which pumps the 
concentrated PD fluid into the mixing chamber 450. The flow 
control pump 446 is bypassed by opening a flow control pump 
35 bypass valve 458 and a constant flow (around 300 ml/min) of PD 
fluid is drawn out of the mixing module output connection 4b by 
the volumetric pump 352 of the thermal control and 
sterilisation module 300, see figure 4. The flow out of the 



fold Patent- ochregjjjt 4s 46 159 isg 
1999 -O: 3^ 

Hovudfaxen Kossan - 81 - 



mixing module output connection 
produced by the salt input di sp i 



4b is greater than that 
acement pump 452, and the 
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additional fluid flow cl — — pump 452, and the 

by the S ,l, ZL TsJ ml/m±n) that 18 n0t P-vided 

input displacement pump 452 ±« h^t^, ^ 

S mixing water feed co meotl „ n 4a * dr *™ fr ° m the 

PD fluid from the concentr.L y ' c ° nc ^-ated 

uxie concentrate reservoir 468 -i <= ^-m,,*- ^ > 
mixing chamber 450 with water from ^ d ^ed xn the 

water from the mixing water f PP ri 
connection 4a so that PD fluid at th* ^ ■ ! 
exi.. Uia at the desxred concentration 

exxts the concentrate mixing module *nn „ ia m . . ratlon 

2T°T/l ^ miXi " 9 meters 4 6 0 J L 

^ * «. flow rate through the salt input 

displacement pump 452. puc 

The dilution of the concentrated PD fluid from the 
concentrate reservoir 4S8 ln this way not onl y reduoea the salt 

PD ^ ^ SnSUreS that 1SVel «* «-°lved gas in the 

The in ;* T ^ bel ° W me31Cally level 

^uilTn tl rS *™ * M " th * ™trate7p D 

fluid in the concentrate reservoir 468 is ready for use it win 
be, at most, saturated with dissolved gas which h! ! 

system during dissolution of the. salts Ind ol 

m ^ xie saxes and glucose. However 

the water entering the concentrate mixing modu le 400 at the' 
mixing water feed connection 4a has been degassed by the water 
preparation module 20 o. The dilution ratio of the flows 0" ^! 
concentrated dialysis fluid pumped by the salt input 
displacement pump 4 52 and the water entering the mixing water 
feed^connection 4a has been chosen to be at least sufficient to 
dilute the gas-saturated concentrated dialysis fluid to" 
dissolved gas content below the medically required level 

The flow through the RO membrane disinfection connection 
3 is controlied by an E o membrane disinfection valve 499 
During disinfection, water at disinfection temperature is 
supplied to the mixing water feed connection 4a by the therm.! 
control and sterilisation module 300 and is pumped by the Zl 
.nput displacement pump 4 52 through the mixing water stop valve 

the ao membrane disinfection valve 499 via the R0 membrane 
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disinfection connection 3j to the water preparation module 200. 
After the concentrate disposable container 402 is put in 
_^^ce_andJ.nto^ spikes 429 in the manifold 

404, the following sequertce of operations" takes" place". 

First, the cleaning |agent compartment 410 is primed with 
water by the introduction^ of 8 0 ;ml of water into the cleaning 
agent compartment 410, whjich comprises 20 g sodium carbonate, 
in order to thereby produjce a sodium carbonate solution having 
a concentration of about 12284 mmol/1. The sodium carbonate 
solution is used for cleaning purpose as described above. 

The peritoneal dialyjsis fluid is composed from six 
separate substances namely magnesium chloride, calcium 
chloride, sodium bicarbonate, sodium chloride, lactic acid and 
glucose. The amount of material in each compartment 410-420 is 
given in Table 2 . 

In order to prime this disposable concentrate container 
402, firstly 962 ml of water is introduced into the glucose 
compartment 420 by the flbw control pump 446. Since the flow 
control pump 446 can operate at about 180 ml/min, this 
introduction will take approximately 5.5 minutes. Then the 
glucose input valve 490 ±k closed and the glucose recirculation 
pump 448 is operated in order to : recirculate the glucose in the 
glucose compartment 42 0 to promote full dissolution. 

Thereafter, the magnesium chloride input valve 488 is 
opened to introduce 4 8.4 thl of water into the magnesium 
chloride compartment 418. I Then the magnesium chloride input 
valve 488 is closed and tie calcium chloride input valve 486 is 
opened to introduce 145.2 jml of water into the calcium chloride 
compartment 416. These introductions of water are performed by 
the salt input displacement pump 452, which has a maximum 
capacity of about 50 ml/min. The : above two priming steps will 
take about 4 minutes together. The magnesium chloride and the 
calcium chloride are fully dissolved in the water introduced, 
either during the introduction of water into the compartment or 
shortly thereafter to finilly dissolve all of the salt 
particles. 

Then the water is introduced into the sodium bicarbonate 
compartment 412 by opening the sodium bicarbonate input valve 
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482 and introducing about 60 ml of water by means of the salt 
input displacement pump 452. The exact amount of water 
introduced into the sodium bicarbonate compartment 412 is not 
crucial provided the water level does not rise above the 
5 combined air vent and fliiid channel 428 so that water is not 

passed down that channel ;428 to the manifold 404 via the sodium 
bicarbonate air vent valve 492. if a small portion of the water 
nevertheless does pass this way, this is of no consequence. 

The same procedure is performed for the sodium chloride 
10 compartment 414 by the introduction of approximately 100 ml of 
water into the compartment by means of the salt input 
displacement pump 4 52. All of the powder in the sodium 
bicarbonate compartment 412 and the sodium chloride compartment 
414 is not completely dissolved, because the water quantity is 
15 insufficient to dissolve all of the powder. 

No water is added to; the lactic acid compartment 408, 
which comprises 120 g lactic acid having a concentration of 
30%. 

By means of the abovje described priming procedure, the 
20 different compartments 408-420 will comprise electrolyte 
solutions of the salts and glucose having the following 



concentrations when taken 
at 25°C: 



out from the respective compartments 



25 magnesium chloride 2455.8 mmol/1 

calcium chloride 2117.3 mmol/1 

sodium bicarbonate 1199 mmol/1 

sodium chloride 5253 mmol/1 

lactic acid 3500 mmol/1 

30 glucose 3393.6 mmol/1 

The exact order of priming of the compartments may differ 
from the order given abov6. 

The next step in the : procedure is to transfer measured 
35 amounts of the electrolytes and the glucose to the concentrate 
reservoir 468. The resulting solution in the concentrate 
reservoir 468 may be a solution having five times the 
concentration of the final required solution. The concentrate 
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reservoir solution is then diluted by 1:5 . before being sent to 
the OLA 375 for sterilisation before introduction into the 

peritoneal cavity of the patient Thus, the concentrate 

reservoir 46S V should coSpnie "looiml df~o one eht rated ^solution 

5 in order to provide 3000 ml of final peritoneal dialysis 
solution after dilution. ; 

The first substance ;to be introduced into the concentrate 
reservoir 468 is sodium bicarbonate. The sodium bicarbonate air 
vent valve 492 is adjusted to connect the combined air vent and 
10 fluid channel 428 with the mixing -water feed connection 4a and 
the sodium bicarbonate input valve 482 is opened to connect the 
combined priming and output channel 43 0 with the salt input 



displacement pump 452. By 



operating the salt input displacement 
sodium bicarbonate solution 



pump 452, substantially saturated 

15 is taken out from the bottom of the sodium bicarbonate 

compartment 412 and water, from the water preparation module 200 
is introduced into the top of the | sodium bicarbonate 
compartment 412 via the combined air vent and fluid channel 
428. In order to provide a bicarbonate concentration of 40 

20 mmol/1 in the final solution, it is required to transfer 120 
mmol of sodium bicarbonate to the ^concentrate reservoir 468, 
which corresponds to 100 ml pumped by the salt input 
displacement pump 452. Thus, the salt input displacement pump 
452 may be operated at a pump speed of 40 ml/min in 2.5 minutes 

25 in order to provide the required amount. At the same time the 
flow control pump 446 is adjusted ito 60 ml/min in order obtain 
a dilution ratio of 1 : 1 . 5 '. resulting in a conductivity of 
approximately 35 mS/cm. 

As described before, the mixed solution is passed to the 

3 0 drainage module 5 00 via the drain disinfection valve 464 and 

the mixing module drain connection 15 until a stable value has 
been obtained from the mixing conductivity meters 460. Then the 
drain disinfection valve 464 and the reservoir filling valve 
466 are switched over in order to transfer the solution to the 

35 concentrate reservoir 466. 

The conductivity measurement ;at the mixing conductivity 
meters 4 60 is converted to the corresponding concentration of 
sodium bicarbonate by the : control system and is multiplied by 
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the flow velocity as measured by tachometer 454 of the ,i 
control pump 446 to thereby obtain ^ l0W 
, . , ieo ' ootam the amount of sodium 

s the total arao r nt : a r rr nute ~ er 

reservoir 468 ± 3 oK- ■ ^ Slivered to the concentrate 

«- :r::L w :r T h h r been traasf — 

stop further introduction int tn! *" ^ t0 

and direct the ^concentrate reservoir 46a 

in • • n Co the drainage module 500 via t-h« 

10 ix^ raod ule drain connection 15. The fact that 1 

amount of material has been delic to the """^ 

the „ lt input displacement punp „ hich 'oM 

Immediately after th^ ^ p xuu ml • 

L5 fiii ing valve 464 the sal V * °~ ° f ^ rese ™>- 

^ alt lnpUt displacement pump 452 is 

reversed to pump clean water in «-*, • 

:: = k u. S od r W c a r b onar P :: s :: irr^t^Tr* 

sodium bicarbonate input valve 482 • . 

,„ . ^ vaive 482 and the mixing chamber 45n 

:: di r: ^^s:: s ^r^^i-^ 

• a air vent and fluid channel 428 g i n ^ 

^ lon ot the compartment, this air vol,,™* 
« reintroduced into compartment 412. 

The flow control pump 446 operates to flush the rest of 
the pxpe system downstream of the mixing, chamber 450 of any 
sodium bicarbonate. y 

If the peritoneal dialysis fluid is to comprise 
substantial^ only bicarbonate as buffer, the final 
concentration of the buffer can be adjusted by the adjustment 
of the amount of bicarbonate introduced into the concentrate 
reservo lr .... Introduction of loo ml „ iU re£ulc in . ™ 
bicarbonate concentration of 40 mmol/1 and introduction of 87 s 
ml will result in a final bicarbonate concentration of 35 
—1/1 The pH may be adjusted by the addition of lactic acid. 
If the final peritoneal dialysis fluid is to comprise a 
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mixture of sodium bicarbonate and sodium lactate, for example 
25 mmol/1 bicarbonate and 15 mmol/1 sodium lactate, the 

fol lowing procedure is followed. Any mixture from about 5:35 to 

35:5 can be obtained or any other total "sum "than 40T 

5 The lactic acid input valve 478 is opened to connect the 

lactic acid compartment 408 with the salt input displacement 
pump 452 . The mixing water stop valve; 442 is closed to prevent 
dilution of the lactic acid and the flow control pump bypass 
valve 458 is opened to bypass the flow control pump 446. If 15 

10 mmol/1 of sodium lactate is desired, the salt input 

displacement pump 452 pumps 16 ml of lactic acid (3 0% 
concentration) into the concentrate reservoir 468. The 
concentration of the lactic acid solution may be monitored by 
the mixing conductivity meters 460, which should show a 

15 conductivity value of approximately 39 mS/cm. 

During the introduction of lactic acid into the 
bicarbonate solution in the concentrate reservoir 468, the acid 
reacts with the bicarbonate ions and forms carbon dioxide, 
which is vented to atmosphere via the reservoir air vent 

20 connection 472, the reservoir air vent valve 496 and the cap 
air vent valve 474, At the top of the concentrate reservoir 
468, a cushion of carbon dioxide is formed, which is. not 
transferred to the surrounding atmosphere. Thus, the carbon 
dioxide partial pressure will be one atmosphere (1 Bar) which 

25 results in a dissolved carbon dioxide concentration of about 23 
mmol/1 at equilibrium in the liquid in the concentrate 
reservoir. The formation of carbon dioxide is comparatively 
fast, but a short pause may be required until the carbon 
dioxide generation has ceased. 

3 0 Once again the salt input displacement pump 452 is 

reversed for pushing back the lactic acid into the lactic acid 
compartment 4 08 until water reaches the lactic acid input valve 
47 8 or shortly there before, and the tube system is flushed 
with water via the flow control pump 446. 

3 5 Next, sodium chloride is introduced into the concentrate 

reservoir 468. In order to provide 140 mmol/1 in the final 
solution, 470 mmol has to be transferred to the concentrate 
reservoir 468, which corresponds to 80 ml of concentrated 
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solution. Since sodium chloride has a very high conductivity, 
the sodium chloride is diluted as much as possible in the 
mixing chamber 450. However, the dilution can not be too large 
because of restrictions in the final volume in the concentrate 
5 reservoir 468. As an example a dilution ratio of 1:4 is given 
below. Thus, the flow control pump 446 is adjusted to 4 0 
ml/minute and the salt input displacement pump 452 is adjusted 
to 160 ml/min resulting in a conductivity of about 98 mS/cm. 
The same integration method as described above for sodium 

10 bicarbonate is used in order to determine when a sufficient 
amount of sodium chloride has been introduced into the 
concentrate reservoir 468. Alternatively, it is determined when 
the salt input displacement pump 452 has pumped 80 ml, which 
should be approximately after two minutes. 

15 Again the salt input displacement pump 452 is reversed to 

push back the sodium chloride solution into the sodium chloride 
compartment 414 and some air into combined air vent and fluid 
channel 428. 

Then, the glucose input valve 4 90 is opened to transfer 

2 0 glucose to the concentrate reservoir 4 68. If 1.5% final glucose 
concentration is to be obtained, 75 ml glucose solution should 
be transferred, if 2.5% is to be obtained, 125 ml should be 
transferred, and if 4.0% is to be obtained, 200 ml should be 
transferred. In order to save time, the flow control pump 44 6 

2 5 is used for this purpose. Glucose has no inherent conductivity, 
which is checked by the mixing conductivity meters 460. When 
the correct amount has been introduced as measured by 
tachometer 454, the glucose selector valve 444 is operated to 
transfer water from the mixing water feed connection 4a via the 

30 flow control pump 446 to flush the tube system. The flow 

control pump 44 6 may first be reversed while the mixing system 
bypass valve 44 0 is opened to push back glucose to the glucose 
compartment 42 0 as described above, if desired. Since the 
recovered volume is small compared to the volume in the glucose 

35 department, the recovery may not be used for glucose. 

The dilution ratio of sodium chloride is selected in 
dependence on the desired glucose concentration so that the 
volume obtained in the concentrate reservoir 4 68 so far is 
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approximately 570 ml. 

Finally, magnesium and calcium are introduced into the 
concentrate -reservoir-468 .- -These- substances__are _intr.aduc.ed_ sb_. 
late as possible when the bicarbonate is diluted to a low 
5 concentration to avoid problems with precipitation. 

First magnesium chloride is introduced by opening the 
magnesium chloride input valve 488 and operating the salt input 
displacement pump 452. Only 1.5 mmol magnesium chloride should 
be transferred by the salt input displacement pump 452, which 
10 corresponds to 0.6 ml, to obtain a final concentration of 0.5 
mmol/1. The salt input displacement pump 452 is able to meter 
such small quantities with sufficient accuracy. The pump has a 
displacement of 228 microlitre per revolution and is controlled 
over 1/100 revolution. 
15 Magnesium chloride is not introduced in concentrated form 

into the concentrate reservoir 468 to avoid local 
precipitation. Thus, the flow control pump 446 is operated with 
10 times the speed of the salt input displacement pump 452 to 
obtain a dilution ratio of 1:10. Then the conductivity of the 
20 magnesium chloride solution will be around 35 mS/cm. By 
integrating the concentration obtained from the mixing 
conductivity meters 460 multiplied with the flow velocity 
obtained from the flow control pump 446, the delivered amount 
is obtained. The delivered amount is checked by the salt input 
25 displacement pump 452, which should pump 0.6 ml. After 

completion of the introduction into the concentrate reservoir 
468, the salt input displacement pump 452 is reversed to push 
back magnesium chloride into the magnesium chloride compartment 
418. This procedure is of importance for magnesium chloride and 
30 calcium chloride, which are provided in small quantities. 

Finally, the same procedure is performed for calcium 
chloride . In order to provide 1 . 5 mmol/1 calcium in the final 
solution, it is necessary to transfer 4.5 mmol corresponding to 
2.1 ml concentrated solution to the concentrate reservoir 468. 
35 As for magnesium, this process is performed by dilution in the 
ratio of 1:10. The conductivity will then be approximately 34 
mS/cm. 

When calcium ions are mixed with bicarbonate ions, there 
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494 are opened, the salt input displacement pump 452 is 
operated and the flow control pump 446 is operated in order to 
jprovide a S odium_chlorid e _ solution having a concentration of 
about 500 mmol/1, i.e. a dissolution ratio of about 1:1^7 The 
mixing conductivity meters 460 should measure approximately 
46.7 mS/cm. The flow control pump 446 is operated at 
approximately 50 ml/min and the salt input displacement pump 
452 at approximately 5 ml/min. Then the glucose input valve 490 
is opened and the metering pump 44 8a is operated to pump 
glucose solution from the glucose compartment 42 0 via the fluid 
input channel 434, the glucose input valve 490 and the metering 
pump 448a into the mixing chamber 450. The metering pump 448a 
is driven at for example 2 0 ml/min. 

The introduction of glucose into the sodium chloride 
15 solution in the mixing chamber 450 results in a decrease of the 
conductivity as measured by the mixing conductivity meters 460. 
The decrease is substantially proportional to the concentration 
of the glucose solution. Thus, the glucose concentration in the 
glucose compartment 42 0 can be monitored. 
20 After measuring the glucose concentration, the above 

described procedure may take place. 

Alternatively, the mixture obtained as described in 
relation to Figure 5a, i.e. a mixture of glucose and sodium 
chloride, may be transferred to the concentrate reservoir 468. 
25 In that case, the sodium salt input displacement 452 should 
! have a higher speed to ensure that the amount of water 

introduced into the concentrate reservoir 4 68 is not too high. 

It is possible to obtain the same operation by using the 
glucose recirculation pump 448 as a reversible metering pump 
3 0 instead of a separate metering pump 448a. 

It would also be possible to use the lactic acid and 
dilute it with glucose to monitor the lowering of conductivity. 
In that case, no additional pump is required compared to Pig. 
5 . The operation would be to open the lactic acid input valve 
35 478, adjust the salt input displacement pump 452 to 10 ml/min, 
adjust the flow control pump 446 to 15 ml/min, with the glucose 
selector valve 444 and the mixing water stop valve 442 open to 
permit 5 ml/min of water to pass into the mixing chamber 450 
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112 « W3ter feSd COnnecti - The conductivity is 

7 SUrSd - the -put valve 490 is opened and the 

glucose selector valve 444 is switched over fco f ^ 

water S upp ly (5 ml/min) to the mixing ^ 

Zl TTT " C ° ndUCtiVi ^ is stored and a calculation Is 
made to determme the corresponding concentration o f glucose 

the f^'T^ ^ th6re 13 3hOWn el6CtriC heat - «8a in ' 
the fluxd input channel 434 to glucose compartment 420 to heat 

the recirculated glucose solution during the dissolution 
10 process to promote dissolution. Glucose becomes cooler during 
dissolution and therefor needs heating to maintain a 
temperature of for example 40'C during the complete dissolution 

Another alternative design of the glucose metering step 
15 as shown on Fig. 5b and Fig 4 .. Turning f irst to Fig. 5b , the 
metering pump 448a has been replaced by a reversible metering 
pump 448b. Metering pump 448b i s constructed to be able to pump 
the glucose solution against a back pressure of several bar 
more than 3 bar and preferably more than 6 bar or reasons 
20 appearing below. A valve 490a bypasses the pump 448b. A glucose 
input valve 490b is arranged between mixing chamber 450 and 
inlet tube 434 to prime the glucose in compartment 420 

The operation of the alternative arrangement according to 
Fig. 5b is the same as described above in connection with Fig 
25 5 or Fig. 5 a, except that the glucose is not entered in 

concentrate reservoir 468. Instead, the concentrated glucose is 
metered by metering pump 448b and transferred via the activated 
valve 490b to an outlet connection 4c, leading to an input 
connection in the middle of the OLA steriliser, as indicated on 
30 Fig. 4a. 

In the alternative OLA steriliser arrangement shown of 
Fig. 4a, the oil bath arrangement 364 - 368 is replaced by an 
electric heater 364a. The inlet fluid entering the OLA 
arrangement via inlet 4b, valve 356 and heat exchangers 360 and 
35 362 is an electrolyte fluid having components which are not 
sensitive to heat. Thus, the electrolyte fluid may be heated 
with an electric heater without risk of decomposition or the 
formation of harmful substances, although an electric heater 
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may have spots of high temperature. The heat sensitive portion 
of the final solution, namely the glucose is entered after the 

electric ..heater 364a_ at_inlet_4_c._ At this^ position, the 

electrolyte fluid is at a high temperature of for example 150 °C 
5 and at a high pressure of for example 6 bar absolute pressure. 
The inlet fluid heats the concentrated glucose solution rapidly 
to a high temperature of for example 148 °C. The combined fluid 
is maintained at a high temperature for a predetermined time 
period determined by the flow distance in a coil 363. Then, the 

10 combined fluid is cooled rapidly in heat exchangers 3 62 and 

360- The temperature is monitored by temperature sensors 370. 
By this operation, the sensitive glucose portion is heated in a 
substantially square temperature curve, which is beneficial for 
the sterilisation and for avoiding the formation of glucose 

15 degradation products. The sterilisation of the glucose portion 
may be very well controlled in order not to over- sterilise the 
glucose. The fact that the electrolyte fluid may become 
slightly over-sterilised means no disadvantage. 

It is possible to include calcium and magnesium ions in 

2 0 the glucose fluid to be late introduced in the OLA. arrangement 
of Fig. 4a in order to avoid possible problems with calcium 
carbonate precipitation and scaling of the tube portions in the 
mixing arrangement of Fig. 5b. In this embodiment, calcium 
chloride and magnesium chloride is transferred to the glucose 

25 compartment 42 0 after the dissolution of the glucose but before 
the metering of the glucose to output connection 4b. Valve 486 
is opened and pump 452 is operated to withdraw calcium chloride 
from compartment 424. Valve 442 and valve 458 are closed and 
pump 446 is inoperative. Valve 490 b is placed in the position 

30 shown on Fig. 5b and valve 490a' is opened. The calcium chloride 
fluid metered by pump 452 must pass via mixing chamber 450 and 
valves 490b and 490a to the glucose compartment 420. The amount 
of calcium chloride transferred to glucose compartment 42 0 is 
carefully monitored by the metering pump 452 . The same 

35 operation takes place for magnesium chloride. 

Finally, the combined glucose, calcium chloride and 
magnesium chloride is metered to output 4c to be included in 
the final PD fluid. By this arrangement, sodium bicarbonate and 
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calcium chloride are not mixed until in the diluted PD fluid, 
which means that the risk of precipitation is minimised. 

Alternatively,, the calcium chloride may be metered by 
metering pump 452 to mixing chamber 450. Flow control pump 446 
5 is operated to dilute the calcium chloride and the fluid is 
measured in conductivity meters 460. The measured and diluted 
calcium chloride is then transferred to glucose chamber via a 
valve 464a shown in broken lines in Fig. 5b. The same operation 
takes place with magnesium chloride. 
10 Alternatively, or in combination, (part of) calcium 

chloride and/or magnesium chloride may be transferred to 
concentrate reservoir 468 as previously described. 

Drainage Module 500 

15 The drainage module 500 is shown in detail in Figure 6. 

The fluid supplied to the drainage module 500 by the ambient 
pressure drain connection 14b and the mixing module drain 
connection 15 is routed directly to the heat recovery drain 
connection 13b from which it passes to the thermal control and 

20 sterilisation module 300 for heat recovery before being 

returned to the heat recovery drain return connection 13c. The 
fluid entering the heat recovery drain return connection 13c 
passes to the external waste connection 16 via a heat recovery 
return valve 532. The temperature of the fluid exiting the heat 

2 5 recovery drain connection 13b is monitored by a drain 
^ disinfection temperature sensor 530. 

Water from the thermal drain connection 13a, which 
originates from the purification waste connection 2d of the 
water preparation module 200, passes through a thermal drain 

3 0 connection valve 52 0 directly to the external drain connection 

16. 

Fluid from the negative pressure drain connection 14a 
passes through a pressure conditioning chamber 510 under a 
negative pressure generated by a drainage pump 5 08 and then 
3 5 passes to the heat recovery drain connection 13b via the drain 
disinfection temperature sensor 530. The pressure conditioning 
chamber 510 is in the form of a chamber closed by a movable, 
spring-biased diaphragm, and is provided to prevent pressure 
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fluctuations due to the drainage pump 508 from being passed to 
the patient along the negative pressure drain connection 14a, 

anci^also jto make control of the draining process easier. The 

drainage pump may be a peristaltic pump or gear punip7 or a pump 
5 generating a predetermined maximum pressure, like a centrifugal, 
pump . 

The conditioning chamber 510 moreover ensures that the 
patient is not exposed to large negative pressures. For this 
purpose, the conditioning chamber 510 may be provided with 

10 limit switches 512 and 514 that monitors the position of a 

spring loaded piston 516 in the chamber 510. The switches may 
be used for controlling the drainage pump 508 to provide a 
negative pressure compatible with safe patient conditions 
during drainage of the patient, such as not exceeding 1 meter 

15 of water pillar negative pressure in relation to the 
atmosphere . 

For disinfection, hot disinfecting fluid enters the 
drainage module 500 through the mixing module drain connection 
15, the negative pressure drain connection 14a and the ambient 

2 0 pressure drain connection 14b. The disinfecting fluid is passed 

from the drainage module 500 along the heat recovery drain 
connection 13b to the thermal control and sterilisation module 
300 via the drain disinfection temperature sensor 530. The heat 
from the disinfection fluid is recovered "in the thermal control 
25 and sterilisation module 300 and the fluid is returned to the 
drainage module 500 via the heat recovery drain return 
connection 13c which passes the fluid to the external waste 
connection 16 via the heat recovery return valve 532. Chemical 
disinfectant (or hot water in the case of heat disinfection) 

3 0 from the water preparation module 2 00 enters the drainage 

module 500 through the thermal drain connection 13a and passes 
directly to the external drain connection 16. 

Cycler and sterilisable connector module 600 

35 The cycler and sterilisable connector module 600 is shown 

in detail in Figure 7. In normal operation, sterile PD fluid is 
provided to the cycler and sterilisable connector module 600 
via the sterile fluid connection 8a and passes through a 
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fluctuations due to the drainage pump 508 from being passed to 
the patient along the negative pressure drain connection 14a, 
and also to make control of the draining process easier- The 
drainage pump may be a peristaltic pump or gear pump, or a pump 
5 generating a predetermined maximum pressure , like a centrifugal 
pump . 

The conditioning chamber 510 moreover ensures that the 
patient is not exposed to large negative pressures. For this 
purpose, the conditioning chamber 510 may be provided with 

10 limit switches 512 and 514 that monitors the position of a 

spring loaded piston 516 in the chamber 510. The switches may 
be used for controlling the drainage pump 508 to provide a 
negative pressure compatible with safe patient conditions 
during drainage of the patient, such as not exceeding 1 meter 

15 of water pillar negative pressure in relation to the 
atmosphere . 

For disinfection, hot disinfecting fluid enters the 
drainage module 500 through the mixing module drain connection 
15, the negative pressure drain connection 14a and the ambient 
pressure drain connection 14b. The disinfecting fluid is passed 
from the drainage module 500 along the heat recovery drain 
connection 13b to the thermal control and sterilisation module 
300 via the drain disinfection temperature sensor 530. The heat 
from the disinfection fluid is recovered in the thermal control 
and sterilisation module 300 and the fluid is returned to the 
drainage module 500 via the heat recovery drain return 
connection 13c which passes the fluid to the external waste 
connection 16 via the heat recovery . return valve 532. Chemical 
disinfectant (or hot water in the case of heat disinfection) 
30 from the water preparation module 200 enters the drainage 

module 500 through the thermal drain connection 13a and passes 
directly to the external drain connection 16. 

Cycler and sterilisable connector module 600 
35 The cycler and sterilisable connector module 600 is shown 

in detail in Figure 7. In normal operation, sterile PD fluid is 
provided to the cycler and sterilisable connector module 600 
via the sterile fluid connection 8a and passes through a 
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patient fill valve 602 to a dialysate line sterilisable 
connector* 604. The sterilisable connector 604 may be of the 

_type_described^n_Int^n patent application WO96/05883 

(Gambro AB) which is incorporated herein by reference. 
5 The operation of the sterilisable connector 604 is shown 

schematically in Figures 19a to 19d. Referring to Figure 19a, 
the sterilisable connector 604 is arranged to receive a double 
male connector 630 at the end of the disposable fluid line 10 
in two corresponding chambers 632 . The end of each prong of the 

10 male connector 630 is closed by a pierceable membrane 634, The 
membranes 634 are pierced by respective membrane spikes 63 6 
when the male connector 630 is fully inserted in the chambers 
632, as shown in Figure 19c. The membrane spikes 636 have 
channels defined there through for fluid flow in the direction 

15 of the arrows in Figures 19b and 19c. The chambers 632 are 

connected by a fluid passage 638 which can be opened or closed 
by . a connector valve 640. In an alternative embodiment, there 
is no connector valve 640, as shown in Fig. 19b. 

Initially, the male connector 630 is partially inserted 

2 0 into the chambers 632 as shown in Figure 19b. The connector 

valve 640 is opened and water at sterilisation temperature and 
pressure (3 bar) is circulated through the membrane spikes 636, 
the chambers 632 and the fluid passage 638 in the direction of 
the arrows in Figure 19b. The circulation of the sterilising 

25 water sterilises the chambers 632, the membranes 634 and the 

membrane spikes 636. Once this sterilisation operation has been 
completed, the male connector 63 0 is inserted all the way into 
the chambers 632, so that the membranes 634 are pierced and a 
fluid path is opened through the membrane spikes and into the 

30 disposable dialysate line 10. At the same time, the fluid 

connection between the chamber 632 and the fluid passage 638, 
as well as an area around the spikes, is closed off by the male 
connector 630. Fluid, for example PD fluid, can then flow in 
the direction of the arrows shown in Figure 19c during a 

35 rinsing step or for filling and draining a peritoneal cavity of 
a patient - 

At the end of the treatment session, the flow of PD fluid 
into the sterilisable connector 6 04 is stopped, the connector 
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valve 640 is closed and the male connector 630 is partially 
withdrawn from the chambers 632 so that air can enter the 
disposable fluid line 10 through a recess 642 formed in the 
wall of the inlet chambers 632. The remaining fluid in the 
5 disposable fluid line 10 can then be pumped out to drain the 
disposable dialysate line 10, as indicated by the arrows in 
Figure 19d. 

Referring back to Figure 7, from the sterili sable 
connector 604 \ the PD fluid passes out of the patient fill 

10 connection 9a through the disposable fluid line 10 to the 

patient's peritoneal cavity. Patient pinch valves 624, which 
open and close together, are provided on the patient fill 
connection 9a and the patient drain connection 9b to allow the 
machine to physically stop the flow of PD fluid in an emergency 

15 by pinching the disposable fluid line 10 between two jaws (not 
shown) which are normally closed. The pinch valves 624 are only 
opened by the control system and the protective system if it is 
sure that the apparatus is operating correctly and it is safe 
to deliver PD fluid to the patient. 

2 0 The pinch valves are also opened during insertion of the 

disposable line set before use. 

Figure 2 0 shows the disposable fluid line 10 for 
connection to the sterilisable connector 604* From the male 
connector 630, two separate tubes 644 extend to a Y- connector 
25 646. The Y-connector 646 connects the two pipes 644 to a 

standard catheter connector 654 via a manual pinch valve 648. 
The catheter connector 654 is the only patient connection in 
the whole apparatus 10 0 which is not machine sterilised. In 
contrast, traditional PD treatment systems include several 

3 0 aseptic connections which may introduce potentially harmful 

bacteria into the peritoneal cavity and lead to peritonitis. 
Because the apparatus includes only one aseptic connection, the 
risk of peritonitis is significantly reduced. The only aseptic 
connection may be replaced by a sterile connection, for example 
35 a connection performed by a sterile welding device, cutting a 
portion of the end of the line set 10 and a portion of a 
patient tube with a hot wafer and immediately joining the hot 
ends to obtain a sterile connection. The patient tube is 
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partially consumed and need to be replaced with certain 
intervals. This technique is well known and used. Another 

connection technique claimed to be sterile is a. connector 

sterilised by ultraviolet light during the connection cycle. 
5 The distance between the Y- connector 64 6 and the catheter 

connector 654 is kept as small as possible so that the dead 
space in the disposable fluid line 10 is small, such as less 
than 2 ml. The pressure drop in one direction across the 
disposable fluid line 10 is small, such as less than 40 rnbar (4 

10 kPa) at a flow rate of 300 ml/min. 

Figure 21 shows an alternative version of the disposable 
dialysate line 10a, which is used when a sample of the 
patient's dialysate is to be collected. The sampling disposable 
dialysate line 10a comprises, in addition to the features of 

15 the normal disposable dialysate line 10, a syringe 652 which 

fits into a drive mechanism (not shown) in the sampling module 
700. The syringe 652 draws off 15 ml of the drained dialysate. 
Since the dialysate is mixed within the body, the sampling may 
take place any time during the drain cycle and will represents 

2 0 an average of the whole treatment session. The filled syringe 

652 can then be broken off from the sampling disposable 
dialysate line 10a by means of a self-sealing frangible 
connection (not shown) and sent for analysis. If desired, the 
syringe can be visually examined to check the clarity of the 
25 dialysate. 

Referring back to Figure 7, when it is desired to empty 
the patient 1 s peritoneal cavity, the drained fluid is drawn 
through the disposable fluid line 10 to the patient drain 
connection 9b, through the sterilisable connector 604, and then 

3 0 through a patient drain cut-off valve 606. From the patient 

drain cut-off valve 606 the drained fluid passes through a 
first patient drain valve 608 and past two independent patient 
drain pressure sensors 610, which monitor that the negative 
pressure applied to the peritoneal cavity of the patient by the 
35 negative pressure drain connection 14a is not so great as to 
harm the patient. Downstream of the patient drain pressure 
sensors 610 the output volumetric flow meter 650 measures the 
volume of fluid removed from the patient's peritoneal cavity, 
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and a second patient drain valve 612 is provided downstream of 
the volumetric flow meter 650 to close off the negative 
pressure drain connection 14a. 

A sterilisation bypass valve 614 allows a fluid path to 
be opened from the sterile fluid connection 8a to the negative 
pressure drain connection 14a without going through the 
patient, when a patient bypass valve 616 is open. The PD fluid 
can be directed directly to the ambient pressure drain 
connection 14b, without passing through the patient, by opening 
a sterilisation heat recovery bypass valve 618 downstream of 
the patient bypass valve 616. 

During filling of the patient, the pressure of the PD 
fluid entering the peritoneal cavity is monitored by closing 
the patient bypass valve 616, the sterilisation bypass valve 
614 and the second patient drain valve 612, and opening the 
first patient drain valve 608 and the patient drain cut-off 
valve 606. In this way the pressure at the patient's peritoneal 
cavity is transmitted back from the Y-connector 646 of the 
disposable fluid line 10 via the patient pinch valve 624, the 
patient drain cut-off valve 606 and the first patient drain 
valve 608 to the patient drain pressure sensors 610, although 
there is no flow along this fluid path because the second 
patient drain valve 612 is closed. By means of this 
arrangement, the patient drain pressure sensors 610 can measure 
accurately the pressure of the fluid entering the patient's 
peritoneal cavity during filling thereof, because the pressure 
measurement is made as close to the peritoneal cavity as 
possible . 

The pressure sensors 610 may control the drain pump 508 
to start operation (and opening of valve 612) if the positive 
pressure becomes too large, such as more than 2 meter water 
pillar over atmosphere pressure, to thereby shunt a portion of 
the fill fluid to the waste. 

A pressure conditioning chamber 660 similar to pressure 
conditioning chamber 510 may be provided after patient fill 
valve 602 as shown by broken lines in Fig 7. The operation of 
chamber 660 is the same as described for chamber 510. 

Alternatively, the patient drain cut-off valve 606 can be 
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closed and the patient bypass valve 616 and the sterilisation 
bypass valve 614 can be opened, with the sterilisation heat 

recovery bypass valve 61 8_clqsed . In th is way, a pressure tap 

from the sterile fluid connection 8a to the patient drain 
5 pressure sensors 610 is formed, such that the patient drain 
pressure sensors 610 can measure the pressure of the fluid 
entering the peritoneal cavity of the patient along the sterile 
fluid connection 8a. 

Monitoring of the pressure at the peritoneal cavity, 

10 enables the control system to detect whether the patient has 
blocked or disconnected the disposable dialysate line 10 . 

During sterilisation of the sterilisable connector 604, 
hot sterilising fluid enters the cycler and sterilisable 
connector module 60 0 under pressure through the sterile fluid 

15 connection 8a and passes through the patient fluid valve 602, 
through the sterilisable connector 604, through the patient 
drain cut-off valve 606, and through the sterilisation bypass 
valve 614 to the sterilisation output connection 8b, The first 
patient drain valve 608 is closed during sterilisation to 

2 0 prevent the sterilising fluid reaching the output volumetric 
flowmeter 650, which may be damaged at the sterilisation 
temperature, and also to prevent the patient drain pressure 
sensors 610 from being subjected to the high pressure required 
to stop the water at sterilisation temperature from boiling. 

25 Flow meters and pressure sensors that have the necessary 

accuracy for this role and can withstand the sterilisation 
pressure and temperature are expensive. Thus, the provision of 
the first patient drain valve 6 08 reduces the cost of the 
apparatus 100. 

30 The heat from the sterilising fluid is recovered in the 

thermal control and sterilisation moduie 300 and the cooled 
fluid is returned to the cycler and sterilisable connector 
module 600 through the sterilisation fluid return connection 
8c. The fluid passes to the ambient pressure drain connection 

35 14b through a sterilisation pressure release valve 62 0 to 
return the fluid to ambient pressure arid through a 
sterilisation return shut -off valve 622. 

In a second sterilisation route, the patient fill valve. 
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602 is closed and the patient bypass valve 616 is opened so 
that sterilisation fluid at high temperature and pressure can 
pass from the sterile fluid connection 8a to the sterilisation 
output connection 8b via the patient bypass valve 616. 

For disinfection, fluid at disinf ejction temperature is 
passed through the fluid lines of the cycler and sterilisable 
connector module 600 and out through the negative pressure 
drain connection 14a and the ambient pressure drain connection 
14b r to disinfect those components which are not sterilised . 



Operation of the apparatus 

The operation of the apparatus 100; as a whole will now be 
described. The default state of all valves is closed for most 
of the valves. Thus, in its initial operating mode, the inlet 

15 valve 202 of the water preparation module 200 and the thermal 
drain connection valve 520 and the heat; recovery return valve 
532 of the drainage module 500 are closed, as aire the patient 
pinch valves 624 of the cycler and sterilisable connector 
module 600. In this state therefore the! apparatus is sealed off 

20 from the external environment. 

Initially, the concentrate disposable container 402 is 
not connected to the manifold 404, but the disposable fluid 
line 10 (with membranes 634 intact) is partially inserted in 
the sterilisable connector 604. All of the pumps and heaters of 

25 the apparatus are initially inoperative;, and the patient output 
heat exchanger 314 is initially drained: of water. 

Disinfection of the apparatus 

The first stage of operation is the disinfection of the 
3 0 entire fluid circuit, starting with the; water preparation 

module 200. For disinfection, the inlet: valve 202 is opened so 
that water can flow into the isolator 208. The isolator air 
vent valve 209 is open to allow air frotn the isolator 208 to 
exit to atmosphere through the isolator; air vent 17. The 
35 disinfectant selection valve 256 is positioned to direct the 
waste flow from the second RO membrane unit 252 through the 



disinfectant cartridge 210 and through 
212, which is open. The degassing pump 



the disinfection valve 
222 is operative and 
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draws fluid through the disinfection cartridge 210, or from the 
isolator 208 if insufficient fluid is available from the fluid 
path through the disinfection cartridge 1 210 . The fluid from the 
— disinfect-ion-cartridge-210 (or the isolator 208) passes to the 
5 thermal control and sterilisation module 300 via the cooling 

water output 2a and is preheated by thej water heater 322 before 
being returned to the water preparation; module 200 via the 
cooling water return connection 2b. Thei fluid then passes 
through the degassing components 214-224, which degas the 
fluid. 

The RO pump 236 is operative to draw fluid from the 
degassing chamber 224 and pass the fluid through the first RO 
membrane unit 238. The first RO membrane bypass valve 250 is 
open so that waste fluid from the first; RO membrane unit 238 is 
redirected to the output side of the RO^ membrane to continue 
the fluid path. No fluid from the firs* RO membrane unit 23 8 
passes through the purification waste connection 2d, because 
the flow path through this connection is stopped by the thermal 
drain connection valve 520 in the drainage module 500. 



25 



30 



35 



of the first RO 
pressure relief valve 



Disinfection fluid from the output side; 
membrane unit 23 8 passes through the RO^ 

260 and also past the second RO membrane unit 252 and is 
recirculated back to the disinfectant selection valve 256. 
Thus, it will be seen that a first disinfection loop is 
provided according to which water is circulated through the 
disinfection cartridge 210 to dilute the disinfectant and the 
diluted disinfectant is circulated through the majority of the 
water preparation module 200. None of the pumps in the thermal 
control and sterilisation module 300, the concentrate mixing 
module 400 or the drainage module 500 are operative during the 
initial disinfection of the water preparation module 200. There 
are therefore no components that pump fluid from the purified 
water connection 2c, such that a negligible amount of fluid 
crosses the second RO membrane unit 252: because there is no 
pressure differential across the membrane unit 252. Any fluid 



which does cross the second RO membrane 



the external drain connection via the purified water connection 
2c, the mixing water feed connection 4a, the mixing system 



unit 252 is routed to 
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bypass valve 440/ the mixing module output connection 4b the 
OLA input valve 356, the sterile fluid connection 8a, the 
patient bypass valve 6l 6> the sterilisation heat recovery 
bypass valve 618, the ambient pressure drain connection l*b 
the heat recovery drain connection 13b. j the heat recovery drain 
return connection 13c and the open heat! recovery return valve 
532. This water is replaced by water from the tap water inlet 1 
via particle filter 204 and water softener 206. 

During the first phase of disinfection of the water 
preparation module 200, the air bleed valve 320 in the thermal 
control and sterilisation module 300 is: opened and the patient 
output heat exchanger pump 316 is operated to fill the patient 
output heat exchanger with disinfectant; and to recirculate this 
disinfectant through the recirculation restrictor 310. 

By closing the proportioning valvei 214 completely with 
the degassing bypass valve 226 also closed, the flow through 
the cooling water return connection 2b is stopped. The patient 
output heat exchanger pump 316 is then used to pump 
disinfectant from the cooling water output 2a through the open 
air bleed valve 320, through the patient output heat exchanger 
vent connection 2e and into the isolator 208 to disinfect the 
patient output heat exchanger vent connection 2e. The isolator 
air vent valve 209 is closed during this process. The 
disinfectant from the isolator 2 08 continues to the cooling 
water output 2a of the water preparation module 200 to close 
this disinfectant circulation loop. 

The patient output heat exchanger J314 can be drained of 
disinfectant by subsequently opening the isolator air vent 
valve 209 and the air bleed valve 320 while the patient output 
heat exchanger drain valve 318 is open iand fluid is circulating 
between the cooling water output 2a and the cooling water 
return connection 2b when the patient output heat exchanger 
pump 316 is inoperative. 

The air passage between the degassing chamber 224 and the 
isolator 208 is disinfected by closing ithe isolator air vent 
valve 209 and opening the degassing bypass valve 226. The 
degassing pump 222 is then operated with the Ro pump 236 off 
such that the only flow from the degassing chamber 224 is 



46 46 169 is9 ink. t. Patent- ocfi reg.variceS 

199S a a 

- 103 - Hyvudraxe* Kasscr? 

directly to the isolator 208 through the air passage. 

At the end of the disinfection process, the disinfectant 
selector valve 256 is returned to its default position with the 

- f-irst- RO -membrane-bypass- val-ve-2 50 -s-til-1- open .... -Disinfectant- is 

circulated by the RO pump 236 past the first RO membrane unit 
238, the second RO membrane unit 252 and back round to the RO 
pump 23 6 via the second RO output restrictor 254 and the 
disinfectant selection valve 256. After this circulation, the 
first RO membrane bypass valve 250 is closed and the thermal 
drain connection valve 520 in the drainage module 500 is opened 
so that disinfectant can flow through the purification waste 
connection 2d to the thermal drain connection 13a and out of 
the external drain connection 16. 

Finally, the water preparation module 200 is flushed with 
water to remove any remaining disinfectant along the 
disinfectant routes described above. 

It will be seen from the above that the entire water 
preparation module 200 from the water softener 206 up to and 
including the second RO membrane unit 2|52 is chemically 
disinfected by the above process. 

Downstream of the second RO membrane unit 252 , water at 
disinfection temperature supplied from ;the RO membrane 
disinfection connection 3 is used to disinfect the fluid path 
between the second RO membrane unit 2 52i and the purified water 
connection 2c. In this case, water from the tap water 
connection 1 passes along the normal purification fluid path 
through the water preparation module 2 00 so that RO water is 
produced at the output side of the second RO membrane unit 252. 
The mixing water stop valve 442 of the ^concentrate mixing 
module 400 is opened and the salt input displacement pump 452 
is energised to draw water from the mixing water feed 
connection 4a. The water supply to the :mixing water feed 
connection 4a of the mixing module 400 is drawn from the 
purified water connection 2c of the water preparation module 
200 and heated to disinfection temperature by the disinfection 
heater 330. The salt input displacement pump 452 pumps the 
water at disinfection temperature through the open RO membrane 
disinfection valve 499 to the output side of the second RO 
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3. Thus, a closed recirculation loop of ! water at disinfection 
temperature is provided/ the temperature q£ ^ ±> monitored 
by the second RO temperature sensor 264;. 

The disinfection heat exchanger bypass valve 328 is 
disinfected as part of the above heat disinfection loop by 
openxng the valve to allow the hot disinfection water to pass 
there through. p 

The hot water is flushed to the drainage module 500 b v 
deactivating the salt input displacement pump 452 and " * 
activating the flow control pump 446 toj pump the hot water to 
the drainage module 500 via the mixing module drain connection 

Before the disposable concentrate bontainer 4 02 is 
connected to the manifold 404, the manifold 404 and cap 406 are 
heat disinfected. To achieve this, the cap 406 is located on 
the manifold 404 to form a sealed cavity. The fl ow control P um P 
446 is activated to pump water heated to disinfection 
temperature by the disinfection heater 33 0 through the mixing 
water feed connection 4a. The flow control pump 446 pumps the 
disinfection water through the reservoir filling valve 466 and 
into the concentrate reservoir 468. Thej hot disinfecting fluid 
is pumped into the cavity formed by the? manifold 4 04 and cap 
406 sequentially in time through each of the reservoir vent 
disinfection valve 498, the reservoir output valve 470 and each 
of the salt input valves 478-488, so that all of these valves 
are disinfected. The cap air vent valve; 474 vents air from the 
cavity formed by the manifold 404 and the cap 406 to the 
drainage module 500 via the mixing module drain connection 15 
Once the manifold 404 and cap 406 are full of hot disinfection 
fluid, the fluid is forced through the mixing module drain 
connection 15 via the cap air vent valve 474 to the drainage 
module 500. 

In the drainage module 500, the hot fluid passes out of 
the heat recovery drain connection 13b and through the 
disinfection heat exchanger 326. However, the disinfection heat 
exchanger bypass valve 328 is open so that no heat is lost from 
the disinfection fluid passing through the disinfection heat 
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exchanger 32 6 and returning to the drainage module 500 via the 
heat recovery drain return connection 13c. In this way, the 
heat recovery drain connection 13b and the heat recovery return 

valve 532 are also heat disinf ectTeclT — 

5 In order to disinfect the sodium bicarbonate air vent 

valve 492, water at disinfection temperature from the thermal 
control and sterilisation module 3 00 is drawn via the mixing 
water feed connection 4a by the salt input displacement pump 
452. At this time, the only open fluid passages into the filled 

10 cavity formed by the manifold 404 and the cap 406 are via the 
sodium bicarbonate air vent valve 4 92 and the sodium 
bicarbonate input valve 482. Thus, as the salt input 
displacement pump 452 pumps hot water out of the cavity formed 
by the manifold 4 04 and the cap 406 via the sodium bicarbonate 

15 input valve 4 82 the hot water is replaced from the mixing water 
feed connection 4a via the sodium bicarbonate air vent valve 
492 . The sodium bicarbonate air vent valve 492 is toggled to 
disinfect the air vent and the fluid channel 428. The hot water 
is recirculated through this loop by closing the heat recovery 

20 return valve 532 in the drainage module 500 and opening the 
mixing water stop valve 442. The same method can be used to 
disinfect the sodium chloride air vent valve 494 and the sodium 
chloride input valve 484. 

The fluid path to the glucose compartment 42 0 of the 

25 disposable concentrate container 402 is disinfected by using 
the flow control pump 446 to pump hot water from the thermal 
control and sterilisation module 3 00 via the mixing water feed 
connection 4a through the mixing system bypass valve 440, the 
glucose selector valve 444 and the glucose input valve 490 into 

30 the cavity formed by the manifold 404 and the cap 406. 

Subsequently, with the flow control pump 446 switched off, the 
glucose recirculation pump 448 is used to recirculate the hot 
water through the glucose output channel 436 and the fluid 
input channel 434. The glucose input valve 490 is closed at 

35 this stage. Finally, the hot disinfection fluid can exit the 
cavity formed by the manifold 404 and cap 406 via the cap air 
vent valve 474 and the mixing module drain connection 15. 
After disinfection, the manifold 404 and cap 406 are 
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drained by connecting the cavity formed thereby to atmosphere 
at the air vent 6 by means of the cap air vent valve 474, and 
pumping the water out of the manifold and cap 406 using the 
salt input displacement pump 452 via the reservoir vent 
5 disinfection valve 498/ the concentrate reservoir 468 and the 
reservoir output valve 470. The salt input displacement pump 
4 52 pumps the water to the drainage module via the flow control 
pump bypass valve 458, the drain disinfection valve 464 and the 
mixing module drain connection 15. 

10 In order to disinfect the thermal control and 

sterilisation module 300 and the cycler and sterilisable 
connector module 600, hot water is pumped by the volumetric 
pump 352 from the disinfection heater 330 via the mixing water 
feed connection 4a/ the mixing system bypass valve 440 and the 

15 mixing module output connection 4b through the OIA input valve 
356. In a further route, the disinfection fluid is pumped 
through the OIA sterilisation valve 376. The disinfection fluid 
passes through the thermal control and sterilisation module 3 00 
to the sterile fluid connection 8a and then through the patient 

2 0 fill valve 602, through the chamber 632 and fluid passage 64 0 

of the sterilisable connector 604, the patient drain cut-off 
valve 606, the sterilisation bypass valve 614 the sterilisation 
heat recovery bypass valve 618 and into the drainage module 50 0 
via the ambient pressure drain connection 14b. 
25 In a further disinfection route, the disinfection fluid 

entering the cycler and sterilisable connector module 600 
through the sterile fluid connection 8a, passes through the 
patient bypass valve 616, and through the sterilisation heat 
exchanger 378 via the sterilisation output connection 8b. At 

3 0 this time, there is no fluid flow through the other side of the 

sterilisation heat exchanger 378 and thus no heat is lost from 
the disinfection fluid during its passage through the 
sterilisation heat exchanger 378. The disinfection fluid 
entering the cycler and sterilisable connector module 600 via 
35 the sterilisation fluid return connection 8c passes to the 

drainage module 500 via the ambient pressure drain connection 
14b. 

In the final disinfection route through the cycler and 
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sterilisable connector module 600, hot disinfection fluid from 
the sterile fluid connection 8a passes through the patient fill 
valve 602, the sterilisable connector 604, the patient drain 
cut-off valve 606, the first" pat~ient~ drain "valve -608 -and onward- 
to the negative pressure drain connection 14a - At this time, 
the drainage pump 508 is operative. 

It will be seen from the above that the whole fluid 
system from the water softener 206 to the patient pinch valves 
624, including the drainage module 500 can be disinfected 
either chemically or by heat disinfection. 



Cleaning and Flushing 

After disinfection, the disposable concentrate container 
402 is connected to the manifold 404, and a downstream cleaning 

15 operation is then carried out. 

For the cleaning operation, RO water preheated by the 
disinfection heater 33 0 to mixing temperature is drawn into the 
concentrate mixing module 400 by the salt input displacement 
pump 4 52 via the mixing water stop valve 442 and directed 

2 0 through the cleaning agent input valve 480 into the cleaning 
agent compartment 410 of the concentrate disposable container 
402. Sufficient water is pumped into the cleaning agent 
compartment 410 to dissolve all of the powdered cleaning agent 
stored therein. Once the cleaning agent is dissolved, the salt 

25 input displacement pump 452 is reversed to draw the cleaning 
agent solution out of the cleaning agent compartment 410 
through the cleaning agent input valve 480. The cleaning agent 
is pumped into the concentrate reservoir 4 68 via the reservoir 
filling valve 466 by the salt input displacement pump 452. From 

30 the concentrate reservoir 468, -the cleaning agent is passed to 
the drainage module 500 via the reservoir air vent valve 496 
and the mixing module drain connection 15 . 

For cleaning of the downstream components in the thermal 
control and sterilisation module 300 and the cycler and 

35 sterilisable connector module 600 , the cleaning agent is pumped 
by the salt input displacement pump 452 through the flow 
control pump bypass valve 458 and the reservoir filling valve 
466 to the mixing module output connection 4b. The flow of 
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cleaning agent is directed through the thermal control and 
sterilisation module 300 and the cycler and sterilisable 
connector module 600 according to any of the disinfection 
routes described above. 
5 After cleaning, the thermal control and sterilisation 

module 300 and the cycler and sterilisable connector module 600 
are flushed with purified water from the water preparation 
^ module 200 to remove any remaining cleaning agent. 

The cleaning agent may be sodium carbonate, but other 
10 cleaning agents may be used, such as citric acid, or precursors 
for a cleaning agent . 

Treatment 

Once the fluid system has been disinfected/ cleaned and 
15 flushed, the first stage of the treatment process is the 
dissolution of the salts and glucose in the concentrate 
disposable container 402. Thus, RO water at mixing temperature 
is pumped by the salt input displacement pump 452 through the 
mixing water stop valve 442 sequentially into each of the salt 
20 compartments 412-418 through the respective input valves 482- 
488- Sufficient water is pumped by the salt input displacement 
pump 452 to fill the respective compartment 412-418 of the 
concentrate disposable container 402 , but the volume of fluid 
pumped by the salt input displacement pump 452 is carefully 
25 monitored to ensure that too much water is not input into the 
compartment 412-418 which would overflow through the air vent 
channel 424,428. Once each compartment 412-418 is full, the 
respective input valve 482-488 is closed while the salt 
dissolves. The volumes of water input into the compartments 
30 408,412-418 are carefully selected. Thus, the control system 

knows how much water is in each compartment. If too much water 
is introduced into the sodium bicarbonate 412 or the sodium 
chloride compartment 414 no harm is done because the resultant 
solution will still be substantially saturated. 
35 For filling of the glucose compartment 420, RO water at 

mixing temperature, for example 37°C, is pumped by the flow 
control pump 446 from the mixing water feed connection 4a via 
the mixing system bypass valve 440, the reservoir filling valve 
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466 and the glucose selector valve 444 through the open glucose 
input valve 490 into the glucose compartment 42 0 via the fluid 
input channel 434, The glucose recirculation pump 448 is 

deactivated at this~stage T Once "sufficient -fluid has-been-™ — - 

5 pumped into the glucose compartment 420 to fill that 

compartment to a level not exceeding the top of the glucose air 
vent channel 432, the glucose input valve 490 is closed and the 
glucose recirculation pump 448 recirculates the glucose 
solution to aid dissolution. The volume of water pumped into 

10 the glucose compartment 42 0 determines the concentration of the 
glucose solution. 

while the glucose and salts are dissolving, the patient 
fluid circuit is sterilised. Thus, RO water is drawn by the 
volumetric pump 352 from the mixing water feed connection 4a 

15 through the mixing system bypass valve 440 and the mixing 
module output connection 4b and is pumped through the OLA 
sterilisation valve 376, The water passes through the 
sterilisation heat exchanger 378, where it is preheated, and 
then through the second OLA heat exchanger 3 62 for further 

2 0 preheating. The volumetric pump 352 pressurises the water to a 

sufficiently high pressure that the OLA heating bath 3 64 can 
raise the temperature of the water to a suitable sterilisation 
temperature, i.e. above 100°C, preferably above 121°C, without 
boiling. The heated pressurised water passes through the hot 
25 side of the second OLA heat exchanger 362 and of the first OLA 
heat exchanger 360. However, because there is no flow through 
the cold side of the first OLA heat exchanger 3 60, no heat is 
transferred from the heated pressurised water. Similarly, as 
the heated pressurised water passes through the patient output 

3 0 heat exchanger 314, no heat is - transferred because the water 

bath in the patient output heat exchanger 314 has been drained. 
The heated pressurised water passes through the patient output 
pressure relief valve 374, which is deactivated so that there 
is no drop in pressure, and enters the cycler and sterilisable 
3 5 connector module 600 via the sterile fluid connection 8a. 

In the cycler and sterilisable connector module 600 the 
heated pressurised water firstly passes through the patient 
fill valve 602, the sterilisable connector 604, the patient 
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drain cut-off valve 606 and the sterilisation bypass valve 614 
to the sterilisation output connection 8b. The first patient 
drain valve 608 is closed during this operation to protect the 
patient drain pressure sensors 610 from the elevated pressure 
5 and the output volumetric flow meter 650 from the elevated 
temperature- Thus, the fluid path between the first patient 
drain valve 608 and the drainage module 500 is not sterilised* 
However, this line has been disinfected and does not handle 
fluid which is subsequently passed to the patient, so that 

10 there is no risk to the patient. Prom the sterilisation output 
connection 8b the heated pressurised water passes through the 
sterilisation heat exchanger 378 where its temperature is 
reduced by heat transfer to the relatively cool water passing 
through the OLA sterilisation valve 376. The cooled pressurised 

15 water then passes via the sterilisation fluid return connection 
8c through the sterilisation pressure relief valve 620 which 
reduces the pressure to atmospheric . The cooled ambient 
pressure water passes through the sterilisation return shut-off 
valve 622, through the ambient pressure drain connection 14b 

2 0 and the heat recovery drain connection 13b to the disinfection 

heat exchanger 32 6 where the temperature of the water is 
further reduced before the water is passed to the external 
waste connection 16 via the heat recovery drain return 
connection 13c and the heat recovery return valve 532. 
25 During a further stage of the sterilisation of the cycler 

and sterilisable connector module 600 the patient fill valve 
602 and the sterilisation bypass valve 614 are closed so that 
the high temperature pressurised water can pass through the 
patient bypass valve 616 (which is now open) to the 

3 0 sterilisation output connection 8b to sterilise the patient 

bypass valve 616, 

In the above manner, it is ensured that the fluid circuit 
from the OLA heating bath 364 to the sterilisation heat 
exchanger 378 is sterile. The sterility is maintained 
35 throughout the treatment session. 

Once the fluid path from the OLA 375 to the sterilisable 
connector 604 has been sterilised, sterile fluid is passed 
along this path continuously until the end of the treatment 
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session to maintain sterility. The fluid may be water from the 
water preparation module 2 00 which passes from the mixing water 

feed connection 4a through the mixing system bypass valve 44 0 

to the mixing module output connection ~4b,~ through "the" OK"3 75, 

5 where it is sterilised and then through the patient bypass 

valve 616 and the sterilisation heat recovery bypass valve 618 
to the drainage module 500. Alternatively, the fluid may be PD 
fluid from the concentrate mixing module 400 which is 
sterilised in the OLA 375 and passed to the drainage module 500 

10 along the same fluid path as described above. In this way, the 
OLA 3 75 can operate continuously without overheating to ensure 
sterility at all times. When the PD fluid is to be delivered to 
the patient, the patient bypass valve 616 is shut and the 
patient fill valve 602 is opened to allow the PD fluid to pass 

15 to the sterilisable connector 604. 

Once the sterilisation operation has been completed, the 
concentrated PD fluid is mixed in the concentrate reservoir 468 
in the manner described in detail above in relation to the 
concentrate mixing module 400. 

2 0 While the concentrated PD fluid is being mixed, the water 

bath of the patient output heat exchanger 314 is filled by 
opening the air bleed valve 32 0 and activating the patient 
output heat exchanger pump 316, in preparation for delivery of 
PD fluid to the patient. 
25 The apparatus, is now ready for the arrival of the 

patient. When the patient arrives, the membranes 634 on the 
disposable fluid line 10 are pierced by the sterilisable 
connector 604. The disposable fluid line 10 is primed by 
pumping PD fluid (or sterile water) from the mixing module 

3 0 output connection 4b through the OLA input valve 356 using the 

volumetric pump 352. The PD fluid is produced in the mixing 
module 4 00 by diluting the concentrated PD fluid pumped by the 
salt input displacement pump 452 from the concentrate reservoir 
468 to the mixing chamber 450 with a flow of purified water 
35 from the water preparation module 200. The flow control pump 

44 6 is bypassed during delivery of the PD fluid by opening the 
flow control pump bypass valve 458. The PD fluid passes through 
the first OLA heat exchanger 360, the second OLA heat exchanger 
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362 and the OLA heating bath 364 and is thereby eterillsed 
sterilised PD fluid is brought dQwn retired patient ^ 

temperature by the patient output heat exchanger 3 « a"^ " 
S The sterile pd £luld ls then pass£d fa • . 

valve 602 and the patient pinch valve 624 into the doable 
dialysate !ine 10 . The PD fluid pasees b 

"V™" - d to the steriie connector «o4 vifthe 

second patient pinch valve 624. The returned fluid passes 
> through the patient drain cut-off valve 606 and the fir!t 
Patent drain valve 608. The output volumetric £1« Mter 650 

line 10 has been successfully primed with PD fluid. The PD 
fluid then passes to the drainage module 500 via the negative 
pressure drain connection 14a. m this way, it is ensured that 
there is only a minimal amount of air in the disposable 
dialysate line which connects to the patient's peritoneal 
cavity. 

„«i V* diSP ° SabU fluid 10 has been primed, the 

patent ls ln vited to connect to the disposable «uid line 10 
so that any fluid in the patient's peritoneal cavity can be 
drained. During draining of the patient the drainage pump 508 
is activated to draw dialysate from the sterilieable connector 
604 through the patient drain cut-off vaive 606 and paeHne 
output volumetric flow meter 650 to the negative pressure drain 
connection 14a. The output volumetric flow meter „. reC ords 

1,6 ™ withdraw from the patient's cavity 

During drainage, a sample of the patient's dialysate may be' 
taken by the sampling module 700. 

in the case of subsequent filling and draining of the 
patient's cavity, additional concentrated PD fluid is mixed by 
the mixing module 400 in the concentrate reservoir 4 68 while 
the patient is being drained by the cycler and sterili sa ble 
connector module 600 and the drainage module 500 

When the patient's peritoneal cavity is empty, which is 
registered by a drop in pressure or flow rate detected by the 
patent drain pressure sensor 610 or the output volumetric flow 
meter 650, or when a predetermined drain time has elapsed, the 
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drainage pump 508 is deactivated. The patient's peritoneal 
cavity can then be filled with sterile PD fluid from the 

sterile_ f luid cqnnection 8a of the thermal control and 

sterilisation module 300 via the patient f ill~ valve~~602 7 "the 
5 sterilisable connector 604 and the patient pinch valve 624. 
During filling of the patient, the pressure of the PD fluid 
entering the patient is monitored using the pressure tap 
described in detail above in relation to the cycler and 
sterilisable connector module 600. The volume of PD fluid 

10 entering the patient's peritoneal cavity is recorded by the 
input volumetric flow meter 350. 

Once sufficient fluid has been passed to the patient, the 
fluid system downstream of the mixing module output connection 
4b is flushed through to the drainage module 500 firstly with 

15 the remaining PD fluid (which is sterilised) and then with 

sterilised water to remove any glucose deposits that remain in 
the OLA 375 and would caramelise. The system then awaits 
drainage of the patient. Thus, a cycle of drains and fills can 
be repeated over an extended period to complete a treatment 

20 session. 

At the end of a treatment session, once the patient has 
disconnected from the apparatus 100, any remaining salt or 
glucose solutions in the concentrate disposable container 4 02 
are pumped to the drainage module via the mixing module drain 

25 connection 15. The fluid system is then flushed with clean 

water utilising the disinfection routes described above. The 
concentrate disposable container 402 and the disposable fluid 
line 10 are replaced. Finally, the system is cleaned as 
described above and then flushed with clean water, before the 

30 system is shut by closing the inlet valve 202, the thermal 

drain connection valve 52 0 and the. heat recovery return valve 
532 . The apparatus is then ready for the next treatment 
session. 
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During extended periods of non-use, the entire fluid 
system may be filled by an engineer with a suitable 
preservative and closed to atmosphere to prevent 
bacteriological build-up. 



It is mentioned that the apparatus has a memory device 
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capable of storing information for later retrival. Such a 
memory device may be a hard disk or a solid state memory 
devo.ce. Parameters to be stored in a technical log may be 
selected from the following non- exhaustive list: time and 
5 result of processes, li ke cleaning, sterlilisation, 

verification of sterility; flow rates; conditions of valves 
pumps; pump speeds; sensor values such as conductivities ' 
temperatures, pressures, temperatures. 

It will be apparent to those skilled in the -K a „ 
10 various modifications and variations can be made to the* " 
structure and methodology of the present invention without 
departing from the scope or spirit of the invention. For 
example, certain aspects of the structure and methodology of 
the invention which have been particularly described in 
relation to peritoneal dialysis could be used for acute 
dialysis, home dialysis, chronic dialysis in general including 
hemodialysis or hemof iltration or hemodiafiltration or any 
other medical fluid production or treatment procedure 
(including producing nutritional solutions) especially those 
involving infusion and/or removal of fluids to and/or from a 
patient. Thus, it should be understood that the invention is 
not limited to the examples discussed in this specification and 
shown in the drawings. Rather, the invention is intended to 
cover modifications and variations provided they come within 
the scope of the following claims and their equivalents 
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Claims 



1- Apparatus . for _t_he_ production of peritoneal dialysis fluid 

at a treatment location for introduction into the p^Vitoneal 
5 cavity of a patient, the apparatus comprising: 

a plurality of chambers each containing a respective 
concentrate of a constituent of the peritoneal dialysis fluid; 

a fluid mixer arranged to mix the concentrates with 
liquid to produce peritoneal dialysis fluid; 
10 a steriliser arranged to sterilise at least one of the 

liquid and the peritoneal dialysis fluid; and 

a patient fill connection arranged to fluidly communicate 
the peritoneal dialysis fluid to the peritoneal cavity of a 
patient, 
15 characterised in that 

at least one of the concentrates is in substantially dry 
form and, in use of the apparatus, is at least partially 
dissolved to form part of the peritoneal dialysis fluid. 

20 2- Apparatus as claimed in claim l r characterised in that in 
one of the chambers the concentrate is an osmotic agent in 
substantially dry form. 



25 



3. Apparatus as claimed in claim 2, 
the osmotic agent is glucose. 



characterised in that 



30 
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4. Apparatus as claimed in claim 1, 2 or 3, characterised 
in that each concentrate comprises a single concentrate 
substance. 

5 - Apparatus as claimed in any preceding claim, 
characterised in that each of said chambers contains a separate 
constituent substance of the peritoneal dialysis fluid, 
selected from a group comprising: sodium chloride, sodium 
bicarbonate, magnesium chloride, calcium chloride, sodium 
lactate, lactic acid and glucose. 



6, Apparatus as claimed in claim 5, characterised in that 
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the concentrates comprise: sodium chloride in substantially dry 
form; sodium bicarbonate in substantially dry form; magnesium 
chloride in substantially dry form; calcium chloride in 
substantially dry form;, lactic acid solution; and glucose in 
5 substantially dry form. 

7. Apparatus as claimed in any preceding claim, 
characterised by a chamber containing a cleaning agent. 

10 8 . Apparatus as claimed in any preceding claim, 

characterised by a controller for controlling the fluid mixer 
selectively to produce peritoneal dialysis fluids chosen from a 
group of formulations which are different from each other. 

15 9. Apparatus as claimed in claim 8, characterised in that 
the concentrates comprise a plurality of electrolytes, and 
wherein the controller is operable selectively to produce 
peritoneal dialysis fluid formulations having different 
relative electrolyte concentrations from each other. 

20 

10, Apparatus as claimed in claim 8 or 9, characterised in 
that the controller has data input means for receiving 
prescription information for a patient . 

25 11. Apparatus as claimed in any preceding claim, arranged to 
prime said at least one concentrate in substantially dry form 
in a respective chamber with liquid comprising water, the 
amount of concentrate in the chamber and the size of the 
chamber being such that the concentrate is only partially 

30 dissolved when the chamber is filled with liquid, 

characterised in that the apparatus further comprising a flow 
line for removing liquid comprising dissolved concentrate from 
the chamber, and a flow line for substantially simultaneously 
adding the same amount- of liquid as removed to said chamber, 

35 

12. Apparatus as claimed in claim 11, characterised in that 
the concentrate removal flow line is used during priming to 
introduce the liquid comprising water to the chamber, and the 
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liquid adding flow line is used during priming to vent air from 
the chamber . 



13. Apparatus as claimed in claim 11 or 12, characterised in " 
5 that the at least one concentrate in the partial dissolution 

chamber is selected from a group comprising sodium chloride and 
sodium bicarbonate. 

14. Apparatus as claimed in any of claims 1 to 10, arranged 
10 to prime said at least one concentrate in substantially dry 

form in a respective chamber with liquid comprising water, 
characterised in that the amount of concentrate in the chamber 
and the size of the chamber being such that the concentrate is 
fully dissolved when the chamber is filled with liquid. 

15 

15- Apparatus as claimed in claim 14 , characterised in that 
the at least one concentrate in the full dissolution chamber is 
selected from a group comprising magnesium chloride and calcium 
chloride . 

20 

16. Apparatus as claimed in any of claims 1 to 10, 
characterised in that said at least one concentrate in 
substantially dry form comprises at least a first and a second 
concentrate in substantially dry form and wherein: 

25 said first concentrate is in a first chamber and said 

apparatus is arranged to prime said first concentrate in 
substantially dry form with liquid comprising water, the amount 
of first concentrate in the first chamber and the size of the 
chamber being such that the first concentrate is only partially 

3 0 dissolved when the first chamber is filled with liquid, the 
apparatus further comprising a flow line for removing liquid 
comprising dissolved concentrate from the first chamber, and a 
flow line for substantially simultaneously adding the same 
amount of liquid as removed to said first chamber, and 

3 5 said second concentrate is in a second chamber and said 

apparatus is arranged to prime said second concentrate in 
substantially dry form with liquid comprising water, the amount 
of second concentrate in the second chamber and the size of the 
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second chamber being such that f h . . , 

Apparatus as claimed in any preceding claim 
characterise i„ that a respective chafer con^ins an o* 
agent and wherein the apparatus comprises a f ill . an . OSm °" c 
introducing li^id compri3ing ^ «~^« 

fro, the osmotic agent chamber and for re-introducing thl 
cha^er^" 1119 """^ osmoti/agent 

Apparatus as claimed in claim 17. characterised in that 

t h TT T h " tin3 li5Uid ™^ ^-olved osltic 
agent as it circulates round the flow circuit. 

advent Tatl" " Clalmed ^ " ~ ^^>^ ^ 

dissolved osmotic agent circulates round the flow circuit 



20 . 
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Apparatus as claimed in any of claims 17 to 19 
char acterifled in that the osmot . c corapr . geg giucose _ 

21. Apparatus as claimed in any preceding claim, 
characterised in that the steriliser is a heat sterili ser for 
SterillSin9 Perit — 1 "uid at elevated pressure 

22. Apparatus as claimed in claim 21, characterised in that 
the heat sterilise, is provided downstream Qf ^ ^ 



23 



Apparatus as claimed in any preceding claim, 
characterised in that the l iquid is chosen from the group of 
water and purified water. 

35 24. Apparatus for the production of peritoneal dialysis fluid 
at a tre atment location for introduction into the peritoneal 
cavxty of a patent, the apparatus comprising: 

a plurality of chambers each containing a respective 
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concentrate of a constituent of the peritoneal dialysis fluid; 

a fluid mixer arranged to mix the concentrates with 
-liquid to^produce per Itoneal _dialysis fluid; 

a controller arranged to control the fluid mixer 
selectively to produce peritoneal dialysis fluids chosen from a 
group of formulations which are different from each other; 

a steriliser arranged to sterilise at least one of the 
liquid and the peritoneal dialysis fluid; and 

a patient fill connection arranged to fluidly communicate 
the peritoneal dialysis fluid to the peritoneal cavity of a 
patient, 

characterised in that 

the controller has data input means for receiving 
predetermined prescription information for a patient and in 
that the controller is operable to control the fluid mixer to 
produce a peritoneal dialysis fluid formulation based on the 
received predetermined prescription information. 



25. Apparatus as claimed in claim 24, characterised in that 
20 the concentrates comprise a plurality of electrolytes and 
wherein the controller is operable selectively to produce 
peritoneal dialysis fluid formulations having different 
relative electrolyte concentrations from each other. 



25 26. Apparatus as claimed in claim 24 or 25, characterised in 
that the chambers are in the form of compartments of a 
container, and wherein all the concentrates required to make a 
said peritoneal dialysis formulation are provided in said 
compartments . 

30 

27. Apparatus for the production of peritoneal dialysis fluid 
at a treatment location for introduction into the peritoneal 
cavity of a patient, the apparatus comprising: 

a plurality of chambers each containing a respective 
35 concentrate of a constituent of the peritoneal dialysis fluid; 

a fluid mixer arranged to mix the concentrates with 
liquid to produce the peritoneal dialysis fluid; 

a controller arranged to control the fluid mixer 
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group of formulations which are different from each other- 

a steriliser arranged to sterilise at least one of the 
liquid and the peritoneal dialysis fluid; and 
5 a patient fill connection arranged to fluidly communicate 

the peritoneal dialysis fluid to the peritoneal dialysis of a 
patient; 

characterised in that 

the concentrates comprise a plurality of electrolytes 
0 and in that the controller is operable selectively to produce 
peritoneal dialysis fluid formulations having different 
relative concentrations of electrolytes. 

28. Apparatus as claimed in any of claims 24 to 27, 

5 characterised in that the liquid is chosen from the group of 
water and purified water. 

29. Apparatus as claimed in any preceding claim, 
characterised in that the plurality of chambers are defined by 
a single container. 

30. Apparatus as claimed in claim 29, characterised by a 
container engaging portion for engaging the container and 
urging it to a position in which the chambers are opened for 
communication with respective portions of the apparatus. 

31. Apparatus as claimed in claim 30, characterised in that 
each chamber has means defining an opening thereof and a flange 
provided adjacent said opening, and wherein the container 
engaging portion is arranged to engage the flanges adjacent the 
openings . 

32. Apparatus as claimed in claim 31, characterised in that 
the openings are linearly aligned with each other, and wherein 
the container engaging portion comprises a pair of laterally 
spaced members arranged to engage said flanges defined on 
opposite sides of the openings. 
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33. Apparatus as claimed in any of claims 29 to 32 , 
characterised in that said chamber has a seal penetrable to 
_ open _said chamber the ^apparatus further comprising ._a plurality 
of spikes for penetrating the respective seals of the chancers 
to open said chambers . 



10 



15 



20 



34. Apparatus as claimed in claim 33, characterised in that 
a said spike comprises two fluid flow channels. 

35. Apparatus as claimed in claims 33 or 34, characterised 
by a pair of spikes for penetrating an osmotic agent containing 
chamber, thereby providing at least three fluid flow channels. 

36. Apparatus as claimed in claims 33, 34 or 35, 
characterised by a cover for covering a said spike when the 
container is removed to enable the spike to be disinfected. 

37. Apparatus as claimed in claim 36 when dependent on claim 
30, characterised in that the container engaging portion is 
arranged to engage the cover to urge it to its covering 
position. 



25 



30 



38. Apparatus as claimed in any preceding claim, 
characterised in that it comprising a water purifier, wherein 
the water purifier comprises a first reverse osmosis membrane 
unit, and a second reverse osmosis membrane unit, each membrane 
unit having an inlet, a purified water outlet and a waste water 
outlet, wherein the purified water outlet of the first membrane 
unit is in fluid communication with the inlet of the second 
membrane unit and the waste water outlet of the second membrane 
unit is in fluid communication with the inlet of the first 
membrane unit . 



39. Apparatus as claimed in claim 38, characterised in that 
3 5 the water purifier further comprises at least one of a coarse 
filter, a water softener and a fine filter upstream of the 
inlet of the first reverse osmosis membrane unit. 
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that t A f™ 3 " ClaimSd ln Claim 38 - 3S. characterised in 
that the water purifier further comprises a d egassi n 9 
arrangement upstream of the inlet of the f <r ^ 

membrane unit. * flrSt revers * osmosis 
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41. Apparatus for the production of peritoneal dialysis fl uid 
at a treatment location comprising: 

a water inlet arranged to receive water from a water 

ctr *■ jr / 

v-e^rr::: purifier arran9ed c ° purify th * *»• «- 

with t a „ flUld arran9Ed t0 ml5C dialySis fluW concentrate 

w lth tta ^ aa water to produce perltoneal • 

a 8t.riH.er arranged to sterilise the peritoneal 
dialysis fluid; and 

the sterT^ COnneCti ° n to fluidly communicate 

the steralised supply of peritoneal dialysis fluid to the 
peritoneal cavity of a patient, 
characterised in that 

the steriliser is a heat steriliser arranged for heat 
stenl.sation of the peritoneal dialysis fluid at a sterilising 
temperature and at an elevated pressure. " 9 

42. Apparatus as claimed in claim 41, characterised in that 
the heat steriliser is provided downstream of the fluid mixer. 

43 . Apparatus as claimed in any preceding claim, 
characterised in that the steriliser comprises a sterilisation 
flow passage and is arranged to. heat sterilise the peritoneal 
dxalysxs fluid as it flows along the sterilisation flow 
passage. 

44. Apparatus as claimed in claim 43, characterised by a 
flow path downstream of the heat steriliser for the flow of 
stenlised peritoneal dialysis fluid to the patient fill 
connection, and a dialysis fluid cooler arranged to cool the 
sterilised peritoneal dialysis fluid as it flows along the flow 
path . 
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45- Apparatus as claimed in claim 44 , being arranged to heat 
sterilise the flow path prior to its use for the flow of 

sterilised peritoneal - dialysis" f luid" to th"e"patient" f ill 

5 connection. 

46, Apparatus as claimed in any preceding claim, 
characterised in that the steriliser is arranged to heat the 
peritoneal dialysis fluid to a temperature of at least about 

10 140°C. 

47. Apparatus as claimed in any preceding claim, 
characterised in that the steriliser is arranged to heat the 
peritoneal dialysis fluid to obtain an F c value of at least 

15 about 20 minutes where F 0 is given by: 



2 0 where : 

L represents the length of a sterilisation fluid path for 
the peritoneal dialysis fluid; 

S represents the internal cross -sectional area of the 
sterilisation fluid path; 
25 ' Q represents the volume flow rate of the peritoneal 

dialysis fluid along the sterilisation fluid path; and 

T (y) represents the temperature distribution of the 
peritoneal dialysis fluid as a function of the distance from 
the start of the sterilisation fluid path. 



48- Apparatus for the production of an acjueous solution for 
medical use from a plurality of concentrates, the apparatus 
being arranged to communicate with a plurality of chambers each 
containing a respective concentrate, at least one of the 
3 5 concentrates being in substantially dry form, the apparatus 
comprising: 




30 



at least one flow line arranged to prime said at least 
one concentrate in substantially dry form with liquid 
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measure a concentration of 



comprising water to form at least one dissolved concentrate; 

a mixing vessel arranged to| receive the at least one 
dissolved concentrate; 

a flow regulator associated; with the at least one 
5 dissolved concentrate arranged to pass the concentrate to the 
mixing vessel; 

characterised by 

measuring means arranged to! 
the at least one dissolved concentrate; and 
10 a pump arranged to pump a metered volume of the at least 

one dissolved concentrate via the associated flow regulator to 
said mixing vessel, whilst measuring by said measuring means 
the concentration of the dissolved concentrate, so as to 
deliver a predetermined amount of said dissolved concentrate to 
15 said mixing vessel. 

49. Apparatus as claimed in claim 48, characterised by a 
flow regulator associated with each concentrate wherein in use 
of the apparatus a metered volume of each concentrate is pumped 
20 via its associated flow regulator to the mixing vessel, whilst 
measuring the concentration of the concentrate, so as to 
deliver a predetermined amount of the concentrate to the mixing 
vessel . 



25 50. Apparatus as claimed in claim 48 or 49, characterised in 
that the pump is arranged to pump, in turn, each concentrate in 
liquid form to the mixing vessels 

51. Apparatus as claimed in claim 48, 49 or 50, 

3 0 characterised in that the measuring means is arranged to 
measure, in turn, the concentration of each concentrate. 

52. Apparatus as claimed in any; of claims 48 to 51, 
characterised in that it is arrahged to dilute a concentrate 

3 5 after it leaves its respective chamber and before it is passed 
to the mixing vessel . 



53 . Apparatus as claimed in claim 52 , characterised by a 
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concentrate flow line along which concentrate is pumped by the 
pump at a metered rate, a water flow line along which water is 

pumped-by- a .second .pump, at ^_metered jrate, the concentrate flow 

line joining the water flow line; so that in use the concentrate 
5 and water are mixed to dilute the concentrate before it is 
passed to the mixing vessel. 

54. Apparatus as claimed in claim 53, characterised in that 
the measuring means is arranged to measure the concentration of 
10 the concentrate or diluted concentrate, and wherein in use the 
pumps are controlled to provide a dilution ratio required in 
order to obtain a desired concentration of the diluted 
concentrate . ■■ 

15 55. Apparatus as claimed in claim 52, 53 or 54, 

characterised in that it is arranged to pass the diluted 
concentrate to the mixing vessel" at a flow rate by means of 
said pump, whilst measuring by said measuring means the 
concentration of the diluted concentrate, and wherein the 

2 0 apparatus comprises a processor for multiplying the measured 

concentration with said flow rate, for integrating the product 
of said multiplication over time- to obtain a total amount of 
concentrate material delivered to said mixing vessel, and for 
terminating said passing of diluted concentrate to said mixing 
25 vessel when a predetermined amount of concentrate material has 
been delivered to the mixing vessel . 

56. Apparatus as claimed in any of claims 48 to 55, 
characterised in that in use the? apparatus is arranged to 

3 0 measure a property of a said concentrate or a property of the 

concentrate after dilution thereof downstream of its respective 
chamber, and wherein the apparatus comprises a checking device 
for determining from that measurement if the concentrate is the 
concentrate expected from that chamber. 



35 



57. Apparatus as claimed in any: of claims 48 to 56 , 

charact rised in that in use the; liquid in the mixing vessel is 

passed towards a point of use and is diluted downstream of the 
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mixing vessel. 

58. Apparatus as claimed in claiim 57, characterised in that 
said measuring means which is used to measure the concentration 

5 of the concentrates delivered to; the mixing vessel is also used 
to measure the concentration of ithe concentrates in the diluted 
liquid downstream of the mixing vessel. 

59. Apparatus as claimed in any of claims 48 to 58, 

10 characterised in that the pump is reversible and connect ible to 
a source of liquid, such that ini use of the apparatus, after 
termination of delivery of a saild concentrate, the pump is 
reversed to pump said liquid from the source thereof through 
the associated flow regulator so;: as to flush the path between 

15 the liquid source and the valve.: 

60. A method of providing an aqueous solution for medical use 
from a plurality of concentrates, comprising: 

providing a plurality of concentrates in separate 
2 0 chambers, at least one of the concentrates being in 
substantially dry form; 

priming said at least one concentrates in substantially 
dry form with liquid comprising iwater to form at least one 
dissolved concentrate ; 

2 5 passing the at least one dissolved concentrate to a 

mixing vessel via a flow regulator associated with that 
concentrate; 

characterised by 

adjusting the flow regulator associated with the at least 

3 0 one dissolved concentrate for passing a metered volume of said 

concentrate through said flow regulator; 

measuring a concentration of said concentrate to 
determine an amount of said concentrate delivered to said 
mixing vessel ; and 
35 terminating said delivering of concentrate when a 

predetermined amount has been de^livcred- 



61. A method as claimed in claim 60, characterised by 
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10 



15 



adjusting a first flow regulator: associated with a first 
concentrate for passing the first concentrate through the first 
_f low .regulator , at_ a jnet^d rate i_measuring a concentration of 
the first concentrate to determine an amount of said 
concentrate delivered to said mixing vessel, terminating said 
delivering of said first concentrate when a predetermined 
amount has been delivered, adjueting a second flow regulator 
associated with a second concentrate for passing the second 
concentrate through the second flow regulator at a metered 
rate, measuring a concentration of the second concentrate to 
determine an amount of said concentrate delivered to said 
mixing vessel, terminating said delivering of said second 
concentrate when a predetermined : amount has been delivered, and 
repeating said adjusting, passing, measuring and terminating 
for each further concentrate, thereby to provide an aqueous 
solution comprising a predetermined amount of each concentrate. 



62. A method as claimed in claim 60 or 61, characterised in 
20 that the metered volume is passed using a pump, and the same 
pump is used to pump, in turn, each concentrate to the mixing 
vessel , 



63. A method as claimed in claim 60, 61 or 62, characterised 
25 by using the same measuring means to measure, in turn, the 

concentration of each concentrate, 

64. A method as claimed in any of claims 60 to 63, 
characterised by diluting a said iconcentrate after it leaves 

3 0 its respective chamber and before it is passed to the mixing 
vessel . 

65. A method as claimed in clairti 64, characterised by 
passing a said concentrate along a. concentrate flow line by 

3 5 means of the pump at a metered rate, passing water along a 

water flow line by means of a second pump at a metered rate, 
and mixing said concentrate supplied along said concentrate 
line with said water supplied along said water line to provide 
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a diluted concentrate. 



66. A method as claimed in claim 65, characterised by 
measuring the concentration of the concentrate or diluted 

5 concentrate, and controlling the pumps to provide a dilution 
ratio required in order to obtain a desired concentration of 
the diluted concentrate. 

67. A method as claimed in claim 64, 65 or 66, characterised 
10 by passing said diluted concentrate to the mixing vessel at a 

flow rate, measuring the concentration of the diluted 
concentrate, multiplying said measured concentration with said 
flow rate, integrating the product of said multiplication over 
time to obtain a total amount of concentrate material delivered 
15 to said mixing vessel, and terminating said passing of diluted 
concentrate to said mixing vessel when a predetermined amount 
of concentrate material has been delivered to said mixing 
vessel. 

20 68. A method as claimed in any of claims 60 to 67, 

characterised by measuring a property of a said concentrate or 
a property of the concentrate after dilution thereof downstream 
of its respective chamber, and determining from that 
measurement if the concentrate is the concentrate expected from 

2 5 that chamber . 

69. A method as claimed in any of claims 60 to 68, 
characterised by passing the liquid in the mixing vessel 
towards a point of use and diluting said liquid downstream of 

3 0 the mixing vessel. 

70. A method as claimed in claim 69, characterised by 
measuring the concentration of the concentrates in the diluted 
liquid using the same measuring means as is used to measure the 

35 concentration of the concentrates during delivery to the mixing 
vessel . 

71. A method as claimed in any of claims 60 to 70, 
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characterised by, after terminating said delivery of a said 
concentrate, reversing the direction; of the pump and pumping 

-l-iquid_.f.r_OTn_a . .source, ttereo^ t^ valve so as 

to flush the path between, the liquid source and the valve, ~"~ 

5 

72. A container comprising a plurality of chambers each 
containing a respective concentrate of peritoneal dialysis 
fluid, for use in apparatus as claimed in any of claims 1 to 
47. 

10 

73. A container comprising a plurality of chambers each 
containing a respective concentrate, for use with apparatus as 
claimed in any of claims 48 to 59. 

15 74. A container containing in concentrated form all the 

concentrates, which when mixed with water, provide sufficient 
peritoneal dialysis fluid for a full peritoneal dialysis 
treatment session. 

2 0 75. A container containing concentrated components of- 

dialysis fluid, the container comprising a chamber containing 
powdered glucose and at least one other distinct chamber 
containing an inorganic salt in substantially dry form. 

25 76. A container containing concentrated components of 

dialysis fluid, the container at least one chamber containing a 
cleaning agent and at least one other distinct chamber 
containing a powdered inorganic salt. 

3 0 77. A container containing concentrated components of 

dialysis fluid, the container comprising defined therein at 
least two distinct chambers, each of said chambers containing a 
different inorganic salt, wherein the volume of each of said 
chambers and the amount of salt contained within each chamber 
35 is such that when a solution of each sail is prepared by 

filling each of said chambers with liquid, the conductivities 
of the solutions so prepared are characteristically different. 
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78. A container containinq concenfMf^ 

j • i ij -"y i-oncencrated components n€ 

dialysis f i uid , the contalner Wi de£iMd P the ^ n ° f 

Plurai.ty of distinct ohtobOTi the conCa . n « ac 

least one connector »<ao^«- *. ^ . , ^^nsmg at 

S eai d connect., C = t "t " he " ln 

^umprises at least two separate fi,,^ u 

respective chamber. 

79. A container as claimed in cl^™ "7° w^^-i 
10 two fluid channels are a™ „ """ iierein saia at least 

eiS are ar ranged concentrically in each 
connectors. y acn of sai <* 

80 



15 



25 



A container as claimed in claim 78 or 79 wherein a i- 
least one of said chambers comprises two connectors 0 ne such 

and the other connector comprising a further fluid channel 

81. A container as claimed in claim 78, 79 or 80, wherein the 
connectors are provided in s i. T , • wnerein the 

v • d ln a lower region of the chambers and 

a portion extending to an upper r£glon ^ ^ has 

82 . A container as claimed in any of claims 78 to si wherein 

83. A container as claimed in any of claims ,a to 82. wherein 
the connectors are mutually aligned along a linear axis. 

-is ofT alner T ClaimSd ^ Cla±m " ' " herei " th * 
axis of the mutually aligned connectors is offset from a 

central axis of the container. 

85. A container for use in priming powdered glucose at a 
patent treatment location, comprising an inlet port in a lower 
region of the container for receiving a supply of water to 
dissolve the powdered glucose in the container, wherein said 
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inlet port is provided with a diffuser which is arranged to 
diffuse the flow of water into the powdered glucose. 



86. A container for concentrated components of dialysis ~ 
fluid, the container haying defined therein a plurality of 
distinct chambers, the container comprising at least one 
connector associated with each chamber, wherein said connectors 
are mutually aligned along a linear axis. 



10 87, A container for concentrated components of dialysis 

fluid, the container having defined therein a plurality of 
distinct chambers, the container comprising a container body 
and at least one connector associated with each chamber, 
wherein there is at least one axis about which the container 

15 body is substantially rotationally symmetric/ wherein the 

connectors are arranged relative to said container body such 
that the arrangement of connectors is rotationally asymmetric 
about said axis. 

20 88* A method of manufacturing a container for concentrated 

components of dialysis fluid, the method comprising the steps 
of: 

manufacturing a plurality of individual sub-containers ; 

and 

25 connecting said sub -containers to form said container. 

89 . A container for concentrated components of dialysis fluid 
manufactured according to the method of claim 88. 

30 90- A universal container for patients having differing 
dialysis treatment requirements, the container comprising: 

a plurality of compartments containing amounts of 
chemical components capable of being combined with liquid to 
form dialysis solution, wherein the amounts of the chemical 
3 5 components are sufficient to form a plurality of differing 

formulations of dialysis solution for a plurality of differing 
patient prescriptions; and 

at least one port for placing the compartments in fluid 
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communication with a dialysis treatment system. 



91. A universal container for use with a dialysis system and 
for patients having differing dialysis treatment requirements, 
5 the container comprising: 

a first compartment; 

a second compartment; 

a third compartment; 

a fourth compartment; 
10 a fifth compartment; 

a first port in flow communication with the first 
compartment ; 

a second port in flow communication with the second 
compartment ; 

15 a third port in flow communication with the third 

compartment ; 

a fourth port in flow communication with the fourth 
compartment ; 

a fifth port in flow communication with the fifth 
2 0 compartment; 

a first chemical composition in the first compartment, 
capable of being combined with liquid to form a first 
constituent of dialysis solution; 

a second chemical composition in the second compartment, 

2 5 capable of being combined with liquid to form a second 

constituent of dialysis solution; 

a third chemical composition in the third compartment, 
capable of being combined with liquid to form a third 
constituent of dialysis solution; 

3 0 a fourth chemical composition in the fourth compartment, 

capable of being combined with liquid to form a fourth 
constituent of dialysis solution; and 

a fifth chemical composition in the fifth compartment, 
capable of being combined with liquid to form a fifth 
3 5 constituent of dialysis solution, 

wherein the first, second, third/ fourth, and fifth 
chemical compositions are provided in quantities sufficient to 
fill a plurality of differing patient prescriptions. 
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92. A container for use in a dialysis treatment session for a 
patient, comprising: 

a plurality of compartments; — — 

5 a plurality of quantities of differing chemical 

compositions contained in the compartments, the chemical 
compositions being capable of being combined with liquid to 
form constituents of dialysis solution, the quantities of the 
chemical compositions being sufficient to provide a plurality 
10 of patient prescriptions for dialysis solution, and the 

quantities being such that a substantial amount of at least one 
chemical composition does not become part of the dialysis 
solution and is not infused to a patient; 

at least one port in flow communication with the 
15 compartments. 

93, A container for use with a dialysis system, the container 
comprising : 

a first compartment containing calcium chloride; 

2 0 a second compartment containing magnesium chloride ; 

a third compartment containing sodium chloride; 

a fourth compartment containing a cleaning agent; 

a fifth compartment containing sodium bicarbonate; 

a sixth compartment containing glucose, and 
25 a plurality of ports associated with the compartments and 

connectable to a dialysis treatment unit at a patient treatment 
location, to thereby permit dialysis liquid to be constituted 
at the patient treatment location. 

30 94. The container of claim 93 r wherein the contents of at 

least some of the compartments are in substantially dry form, 
and wherein at least some of the plurality of ports are 
configured to receive liquid there through for mixing with the 
substantially dry contents to form solutions in the respective 

3 5 compartment s . 

95. The container of claim 93, further comprising a seventh 
compartment containing lactic acid. 
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96. The container of claim 93, wherein the container has a 
readable indicia thereon, configured to be recognized by the 
dialysis treatment unit. 

97. The container of claim 93, wherein the compartments 
contain sufficient quantities of respective contents to enable 
the container to fill one of a plurality of patient 
prescriptions . 

98. A container for use with a dialysis system, comprising- 
a plurality of compartments, at least one of the 

compartments containing an ionic component of a dialysis 
solution and another of the compartments containing at least 
one of a cleaning agent for use in cleaning a flow path in th- 
dialysis system and a precursor of the cleaning agent; and 
a plurality of ports on the container for placing the 
compartments in fluid communication with the dialysis system. 

99. The container of claim 98, wherein the compartments 
include at least a first compartment containing calcium 
chloride, a second compartment containing magnesium chloride, a 
third compartment containing sodium chloride, a fourth 
compartment containing the cleaning agent, a fifth compartment 
containing sodium bicarbonate, and a sixth compartment 
containing glucose . 

100. The container of claim 99, wherein the compartments 
further include a seventh compartment containing lactic acid. 

101. A container for use with a dialysis system, the container 
comprising: 

a plurality of compartments each containing a chemical 
composition for use in a dialysis treatment; and 

a plurality of ports each being in fluid communication 
with a respective one of the compartments for placing the 
compartments in fluid communication with the dialysis system, 
at least one of the ports being positioned along a surface of 



" ■■'nfctftartt-oc/ireifteffi 

the container so that the at least one port is asymmetric with 
respect to a longitudinal axis of the surface of the container. 

102. The container of claim 101, wherein axes of "the ports" are 
5 aligned. 

103. The container of claim 101, further comprising a 
respective septum on each of the ports, the septum being 
configured to be pierced by a respective connector on the 

10 dialysis syBtem. 

104. The container of claim 101, wherein at least some of the 
ports include a flange capable of engaging a mount on the 
dialysis system. 

15 

105. The container of claim 101, wherein free ends of the 
ports are coplanar. 

106. The container of claim 101, wherein the plurality of 

20 compartments include at least a first compartment containing 
calcium chloride, a second compartment containing magnesium 
chloride, a third compartment containing sodium chloride, a 
fourth compartment containing a cleaning agent, a fifth 
compartment containing sodium bicarbonate, and a sixth 

25 compartment containing glucose. 

107. The container of claim 106, wherein the compartments 
further include a seventh compartment containing lactic acid. 

30 108. The container of claim 101, wherein an exterior surface 
of the container includes a bar code symbol configured to be 
read by a bar code reader on the dialysis system. 

109. The container of claim 101, wherein at least some of the 
35 compartments include a respective vent tube. 
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110. The container of claim 101, wherein at least some of the 
ports include a first flow path for passing air into a 



uo/.ou-.n 9 .i,:. 9l , tAA 40 40 10¥ L6V . GAJUKU PATENT •' PRV . . . : c .. 

46 46 169 189 fej- , B 

respective one of the compartments and a second flow path fo- 
passing liquid into and removing solution from the respective 

one of the compartments. 

111. A container for use with a dialysis system/ comprising- 

a plurality of compartments each containing a chemical 
composition for use in a dialysis treatment 

a plurality of ports for placing the compartments in 
fluid communication with the dialysis system; and 

a readable indicia on the container, the readable indicia 
being configured to be recognized by the dialysis system the 
indicia being indicative of the contents of the compartments. 

112. The container of claim 111, wherein the readable indicia 
15 is a bar code symbol. 
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113. The container of claim 111, wherein the readable indici 
includes information regarding the contents of the 
compartments . 

114. The container of claim 111, wherein the readable indicia 
includes patient prescription information. 

115. The container of claim 111, wherein the compartments 
include at least a first compartment containing calcium 
chloride, a second compartment containing magnesium chloride, a 
third compartment containing sodium chloride, a fourth 
compartment containing a cleaning agent, a fifth compartment 
containing sodium bicarbonate, and a sixth compartment 

3 0 containing glucoae. 

116. The container of claim 115, wherein the compartments 
further include a seventh compartment containing lactic acid. 



35 



117. A method of making a container for use with a dialysis 
system, comprising: 

providing a container including at least first, second, 
third, fourth, and fifth compartments, the container further 
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including a plurality of ports each being in fluid 
communication with a respective one of the compartments ; 
placing calcium chloride in the first compartment ; 

placing magnesium chloride in the second compartment ;~ 

placing sodium chloride in the third compartment; 

placing sodium bicarbonate in the, fourth compartment; and 

placing glucose in the fifth compartment. 



113. The method of claim 117, wherein the container further 
10 includes a sixth compartment, and wherein the method further 
comprises placing lactic acid in the sixth compartment . 

119. The method of claim 117, wherein the container further 
includes a sixth compartment, and wherein the method further 
15 comprises placing a cleaning agent in the sixth compartment. 

120- The method of claim 117, further qomprising sealing the 
compartments. 

20 121. The method of claim 117, wherein each of the compartments 
includes an upper portion and a lower portion, and wherein the 
sealing includes joining the upper portion and lower portion 
together . 

25 122. The method of claim 117, further comprising providing a 
septum in each of the ports. 

123. The method of claim 117, further comprising providing a 
bar code symbol on the container. 

30 

124. The method of claim 117, further comprising placing a 
removable cover on open ends of the ports. 

125 . A method of making dialysis solution for use during a 
35 dialysis treatment session for a patient, comprising: 

providing a plurality of compartments containing 
quantities of differing chemical compositions; 

adding liquid to the compartments to form constituents of 
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dialysis solution in the compartments; n ° n * a *< *mm 

forming from the constituent components a quantity of 
dialysis solu tl on sufficient to compete the dialysis treatment 
session without using a portion of at least one at th. 

5 constituents; and 

disposing of the unused portion of the at least one 
constituent. ' 
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126. A method of forming dialysis solution on „Hi-. ... - 
patient treatment location, comprising: 
d1 « addin 5 liquid to compartments containing a plurality of 
different chemical compositions to form chemical component 
solutions for use in forming dialysis solution- 
is chamber^" 119 ^ ChemiCal cora P° ne ^ solutions to a mixing 

monitoring at least one of the chemical component 
solutions flowing to the mixing chamber; and 

controlling flow to the mixing chamber of the at least 
one chemical component solution based on the monitoring 
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127. a method of forming dialysis solution at a patient 
treatment site, comprising: 

adding liquid to a plurality of differing chemical 
compositions to form a plurality of differing chemical 
component solutions, wherein the chemical compositions include 
glucose in dry form and the chemical component solutions 
include glucose solution; 

forming in a mixing module dialysis fluid including a 
mixture of the chemical component solutions; and 

placing the mixing module in fluid communication with a 
patient dialysate line to permit flow of the dialysis solution 
from the mixing chamber to the patient dialysate line. 

128. a method of making dialysis solution at a patient 
35 treatment location, comprising: 

providing at a patient treatment location components of 
dialysis solution, at least some of the components being in 
substantially dry form; 
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priming at the patient treatment location the 
substantially dry components of the dialysis solution to form 
solution components of the dialysis solution; 

mixing - a t 1 east a" portion ~ of the - solution- components — 

together to form a concentrated solution; and 

diluting the concentrated solution with liquid. to form 
dialysis solut ion . 

129. A method of performing a dialysis treatment, comprising: 
adding liquid to a plurality of differing chemical 

compositions to form chemical component solutions for use in 

forming dialysis solution; 

mixing at least a portion of the chemical component 

solutions together in a mixing module to form a concentrated 

solution; 

diluting the concentrated solution with liquid to form 
dialysis solution in the mixing module; and 

flowing the dialysis solution from the mixing module to a 
patient dialysate line. 

13 0. A method of dialysis treatment, comprising: 

connecting a patient dialysate tube to a connector on a 
dialysis treatment system; 

flowing dialysis solution along a flow path in the 
dialysis treatment system and to the patient dialysate tube; 

sterilizing the dialysis solution flowing to the patient 
dialysate tube at a sterilization module in the system; and 

sterilizing at least a substantial portion of the flow 
path in the dialysis treatment system, wherein the sterilizing 
of the flow path includes flowing a sterilization liquid in the 
flow path between the sterilization module and the connector. 

131. A dialysis system capable of using tap water to make 
dialysis solution at a patient treatment location, comprising: 

a water treatment module for treating tap water to purify 
the tap water; 

a mixing module flow connected to the water treatment 
module, for mixing the purified tap water with a plurality of 
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chemical compositions to form dialysis Solution; Md 

a connector flow connected i-r. • • 

C ~ - - connected ~ ^^^^ — 
permit flow of the dialysis solution from 
5 patient dialysate line. * SYStem t0 the 

132. A system for forming dialysis solut,™ k • • 

L n o~r iy r £ ™ ° n sL a " ~ =L si - e 

location, the system comprising: 
> a plurality of compartments containing chemical 

composxtxons for use in forming dialysis solution 
compartments containing glucose 3 in s^luH^.ta 
a mixing module for flow connection to th£ eo ^ a ^ nt f d 

0" ™: moduie inciudins * <* ««, Path p s c ™ 

of flow communicating with the compartments, at ieast one of 
the flow paths being configured to pass i iquld inCo the 

s c oT: t Tor n th concainin9 9iucose to the "* y « 

for for!;' IT" 9 m0dUU £UrCh6r inClUdin3 * 

the 1 ^ r r" U "° n by mlXin9 the glucose solution 
the l^qurd and the contents of the compartments. 

133 The system of claim i 32 , „ hereln th<s compartment 
containing glucose includes a diffuser for facilitating 
dissolution of the dry glucose in the liquid. 

134. A system permitting selective formulation of differing 
formulations of dialysis solution, the system comprising. 9 

a container including a plurality of compartments 
containing amounts of chemical components capable of beina 
combined with liquid to form constituents of the dialysis 
solution; 

at least one module including 

a plurality of flow paths coupled to the 
compartments, the flow paths being capable of being flow 
connected to a source of the liquid to allow for flow of the 
liquid to the compartments to form the constituents in the 
compartments, 

a mixing chamber in flow communication with the flow 
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paths to allow for flow of the constituents from the 
compartments to the mixing chamber, and 

a.t_least_one f low regulator for regulating flow of 

the constituents from the compartments to the mixing chamber"; 
5 and 

a controller for controlling the at least one flow 
regulator to adjust amounts of the constituents flowing to the 
mixing chamber . 

10 135. A system for forming dialysis solution based on patient 
information, comprising: 

a processor for processing prescription information 
unique to a dialysis treatment patient; 

a mixing module for mixing constituent components of 
15 dialysis solution to form dialysis solution; 

a controller for controlling the mixing module based on 
the prescription information so that the mixing module forms a 
dialysis solution with quantities of the constituent components 
sufficient for the patient. 

20 

13 6. The system of claim 135, wherein the system further 
comprises a memory device for storing the prescription 
information. 

25 137. The system of claim 135, wherein the memory device is a 
portable device and wherein the system further comprises a 
reader for reading the prescription information from the memory 
device. 

30 138, A medical fluid delivery apparatus capable of reducing 
bacterial growth, comprising: 

at least one container connector capable of being placed 
in flow communication with a container containing at least one 
substance for delivery to a patient; 

35 a container mounting section including a first portion 

and a second portion, the first portion being movable with 
respect to the second portion between a first open position 
allowing placement of a container in the mounting section and a 
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second closed position forming a cavity containing the 
container connector; 

a first module in flow communication with the cavity for 
providing at least one of a disinfecting fluid and a 
sterilizing fluid to the cavity to reduce microbial growth on 
the connector; and 

a second module in fluid communication with the connector 
for delivering the substance, to a patient. 

139. h method of peritoneal dialysis treatment using dialysis 
fluid produced at a patient treatment location, comprising: 

providing a dialysis apparatus including a plurality ol 
compartments each containing a differing component ol dialysis 
fluid, at least one of the components being in substantially 
dry form; 

combining, at the patient treatment location, liquid and 
at least some of the components to produce component solutions; 

forming, at the patient treatment location, dialysis fluid 
in the apparatus, 

wherein the forming of dialysis fluid includes mixing the 
component solutions : 

placing the dialysis apparatus in flow communication with 
the peritoneal cavity of a patient; 

flowing the dialysis fluid into the peritoneal cavity; and 

draining the dialysis fluid from the peritoneal cavity. 

140. The method of claim 139, wherein said at least one 
component in substantially dry form includes an osmotic agent . 



30 141. The method of claim 140, wherein the osmotic agent is 
glucose . 



142. The method of claim 139, further comprising flowing tap 
water to the apparatus and purifying the tap water to produce 
35 purified water, wherein the liguid includes at least the 
purified tap water. 



143. The method of claim 139, further comprising sterilizing at 
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least one of the liquid and the dialysis fluid in the 
apparatus. 

144. The method of claim 139, wherein the" dialysis^ apparatus" 

5 includes a processing machine and a removable container in 

which the plurality of components are located, and v;herein the 
method includes flow connecting the container to the processing 
machine at a beginning of a treatment session and removing the 
container from the processing machine at an end of the 
10 treatment session. 



145. The method of claim 139, wherein the forming of dialysis 
fluid includes sensing concentration of chemical compositions 
in the component solutions and regulating flow of the component 

15 solutions to a mixing chamber based on the sensing. 

146. A method of peritoneal dialysis treatment using dialysis 
solution formulated at a patient treatment location according 
to a predetermined formulation, the method comprising: 

20 providing a processing machine configured to form, at a 

patient treatment location, dialysis solution from components 
thereof; 

engaging with the processing machine a container 
containing the components of dialysis solution, the container 
25 containing a quantity of components sufficient to form one of a 
plurality of differing formulations of dialysis solution; 

processing in the machine, information about a 
predetermined patient prescription; 

forming a predetermined formulation of dialysis solution 
30 in the machine according to the patient prescription; 

placing the apparatus in flow communication with the 
peritoneal cavity of the patient; 

flowing the dialysis solution into the peritoneal cavity; 

removing the dialysis solution from the peritoneal cavity; 

35 and 

disengaging the container from the processing machine. 

147. The method of claim 146, further comprising inputting of 
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prescription information f ho • 

5 

148. The method of claim where - . 

information include- inn,-- Whe - rein the ^putting of 
concentration, an ^ «~c substance 

Elation incXu-..^^™ ^ ^ — ed 

10 approximately the design " u " aiysis solution with 

* uie aesired osmoti'- «nK«.-+-^_ 

cu subitanc e concentration. 

149. The method of claim 1^ *. 

ri:::r:r jr^ tion ° f — 

P1«W the appals in J/ «*«<*lPUon, 

:rL 9 ;::/ix; s ~L n r the peri — — 

^ ilb solution from the r^-ri*-^*^ -. 

wui me peritoneal cavity; 

<U«» W i„ g the container from procMsing 

150. The method of claim 146, wherein i-h. * 
predetermined formulation n/w T forming of the 

liquid to differZ cl!i f SOlUt±0n inClUdeS addi ^ 

r-h • -, 1Xterin 9 chemical compositions to form di-f^- 
chemical component solutions an* m • • differing 
30 chemical component solutions ^ qUantitieS °* the 

151. The method of claim 150, whe-ein at 



and 
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a second compartment including a second air vent channel 
and a second fluid channel ; 

a - -third compartment includj_ng_a third air_ vent channel and 

a third fluid channel; 
5 a fourth compartment including a fourth air vent channel, 

a fluid input channel, a diffuser in flow communication with 
the fluid input channel, a fluid output channel, and a glucose 
filter in flow communication with the fluid output channel; 

a fifth compartment including a fifth air vent channel and 
io a liquid channel ; 

a sixth compartment including a first air vent/fluid flow 
channel and a first fluid input/output channel; 

a seventh compartment including a second air vent/fluid 
flow channel and a second fluid input /output channel; 
15 a first port in flow communication with the first air vent 

channel and the first fluid channel; 

a second port in flow communication with the second air 
vent channel and the first fluid flow channel; 

a third port in flow communication with the third air vent 
20 channel and the third fluid channel; 

a pair of fourth ports, one of the fourth ports being in 
flow communication with the fluid input channel and the fluid 
output channel, the other of the fourth ports being in flow 
communication with the fourth air vent channel; 
25 a fifth port in flow communication with the fifth air vent 

channel and the liquid channel; 

a sixth port in flow communication with the first air 
vent/fluid flow channel and the first fluid input/output 
channel; and 

30 a seventh port in flow communication with a second air 

vent/fluid flow channel and a second fluid input/output 
channel, 

wherein a plurality of the compartments are sized to 
contain respective amounts of dialysis solution components 
35 capable of filling a plurality of differing dialysis solution 
prescriptions , and wherein the ports are capable of being 
placed in flow communication with a dialysis processing 
machine- 
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153. The container of claim 152 fur-ho^ • • 

, . ru ^>-ner comprising: 

calcium chloride in the f^.*. 
h ., n(T . . ^ cne flrst compartment, capable of 

solution,- 3 SSCOna of dialysis 

cleaning agent In the third r™»... 

cosine, with lig uid to form a ^^^T" " ^ 

glucose in the fourth compartment, capable of being 
combined with liquid to form a third constituent of • 
solution, th- olum^ ha - • c °ns_ituent of dialysis 

. glucose beang m substantially dry form- 

magnesium chloride in the f-i^-h „ 
being coined „ lth liQU £ ^ r^"— "pable of 

dialysis solution; " 3 IOUrth ""■"<™-t of 

sodium bicarbonate in th^ cHv-hk 
^ . e Slxt " compartment canphl^ 

bexng coined with liguid to for* a fifth const tuent ^ 
dialysis solution; and 

sodium chloride in the «v Sn1 -h „ 
. . ,_, n rne sev entn compartment, capable of 

being combined with licmin' *■« * . H Ae OI 

riHall • , -Liquia to form a sixth constituent of 

dialysis solution. 
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20 



25 



third f C °" tainer ° f Clalm 152 - •"»»in the first, second, 
thxrd, fourth, frfth, sixth, and seventh connectors are air, 
along an axis offset fro, a centra! a Xis of the container 



30 



35 



L d ? ; in ; r claim 152 ' wherein the contai — i^ ud es 

sixth "nd \h S6CCnd ' third ' '«th, 

skirt and the f 9 *"*""*' — een the lid and the 

connect ' " f ° Urth ' f±fth ' SiXth ' —nth 

connectors extending through holes in the skirt. 

156. a dialysis system, comprising: 

a water purification module including: 
a tap water inlet, 

at least one particulate fin-er 
. . ^ - dce niter in flow communication with 

the tap water inlet; 
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a degassing section including a degassing chamber 
configured to remove gas from the water, 

a first reverse osmosis membrane unit having a first 
irJ^ralirst"pu7ified^wTter 6utTet7 "andTa ""first "wastewater" " 
outlet^ and 

a second reverse osmosis membrane unit having a second 
inlet, a second purified water outlet, and a second waste water 
outlet, the first purified water outlet being in flow 
communication with the second inlet, and the second waste water 
outlet being in flow communication with the first inlet: 

a thermal control and sterilization module in flow 
communication with the water purification module, the thermal 
control and sterilization module including a plurality of heat 
exchangers configured to transfer heat between liquids flowing 
in the system; 

a concentrate mixing module in flow communication with the 
water purification module and the thermal control and 
sterilization module, the concentrate mixing module including: 

a plurality of flow couplers having flow channels, at 
least some of the flow couplers being configured to be placed 
in flow communication with respective compartments containing 
concentrated components of dialysis solution, 

a plurality of valves configured to regulate flow of 
liquid, the plurality of valves including a respective valve 
associated with each of the flow couplers to regulate at least 
one of liquid flow to and liquid flow from the compartments, 

a concentrate reservoir in flow communication with the 
flow couplers, a least one conductivity sensor configured to 
sense conductivity of liquid flowing to the concentrate 
reservoir, 

a mixing chamber in flow communication with the 
concentrate reservoir and with a purified water output of the 
water purification module to permit formation of dialysis 
solution, and at least one pump in flow communication with the 
flow couplers, the concentrate reservoir, and the mixing 
chamber; 

an outflow drain; and 

a connector configured to be connected to a patient 
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dialy sate line, the connector being in flow communication wit, 
!L *?T r ^ PSrmit fl °" ° f «" ^ solution to 



157 The system of claim 156, wherein the flow couplers include 
spikes adapted to extend i„ to porta on a container 

158 The system of claim 156, wherein the thermal control and 
sterilization module is configured to heat dialysis tluid 
flowxng from the mixing cham ber to the connector to 
sterilise the dialysis fluid. y 
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Abstract 



System 



5 Method, apparatus and components of dialysis systems. The 

apparatus (100) for the preparation of peritoneal dialysis 
fluid comprises a water preparation module (200) which purifies 
^ tap water and supplies the purified water to a thermal control 

and sterilisation module (300) . The thermal control and 
10 sterilisation module (300) passes the purified water to a 

concentrate mixing module (400) , which mixes the purified water 
with concentrated components of the dialysis fluid from a 
disposable concentrate container (402) to produce the 
peritoneal dialysis fluid. At least some of the concentrated 
15 components of the dialysis fluid are in powdered form. The 

peritoneal dialysis fluid is passed from the concentrate mixing 
module (400) back to the thermal control and sterilisation 
module (300) where it is sterilised in an on-line autoclave, 
before being passed to a cycler and sterilisable connector 
20 module (GOO) for administration to the patient (50) . The 

apparatus has the advantage that the peritoneal dialysis fluid 
is prepared on-line at a treatment location, such as a 
patient's bedroom, to a prescription specific to the patient. 

25 (Pig. 2) 
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PROCESS AND DEVICE FOR STERIUZIHG AMD DISPENSING 
A LIQUID FOR MEDICAL USB 
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H ?S^r^t invention relates to a process and a device 
for sterilizing and dispensing a liquid for medical use. 

Many surgical and medical treatments exist which require 
the use of large amounts of sterile liquid, in particular of 
5 liquid to be injected into a body cavity or into the 
bloodstream. 

For example, mention may be made of haemofiltration, 
which is one of the treatments used to overcome renal 
insufficiency. Haemofiltration consists in extracting, from 

10 the blood of a patient, by means of ultrafiltration, a 
determined amount of plasmatic water and in simultaneously 
infusing the patient with a smaller amount of a so-called 
substitution solution, which is sterile and contains the main 
electrolytes of the blood in respective concentrations which 

15 are identical or close to those of the blood of a healthy 
patient. For a four-hour haemofiltration session, it is not 
uncommon to prescribe an exchange volume for wnich about 
sixteen liters to twenty liters of substitution solution are 
required. 

Another example of a treatment which requires the use of 
a large amount of sterile liquid is automatic peritoneal 
dialysis. The principle of peritoneal dialysis, the purpose of 
wbi ch is also to overco ne renal ins^f iciency, is to infuse, 
into the peritoneal cavity of a patient, a determined amount 
25 of a sterile solution containing an osmotic agent such as 
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glucose as well as the main electrolytes of the blood in 
respective concentrations similar to those of the blood of a 
healthy patient. The solution thus infused is left to stand in 
contact with the peritoneum, which behaves like a natural 
5 dialysis membrane, for the time required for the solution to 
become optimally enriched in blood impurities (urea, 
creatinine) . The waste solution containing added plasmatic 
water which the glucose has caused to migrate into the 
peritoneal cavity is then drained from the patient's abdomen 

10 and is then replaced with fresh solution. 

In the standard method of peritoneal dialysis, known as 
''continuous ambulatory peritoneal dialysis (CAPDJ ", it is 
the patient himself who carries out the operations of draining 
and filling his peritoneal cavity, by connecting a drain bag 

15 or a solution bag to the end of a catheter permanently 
installed through his abdominal wall. The transfer of liquid 
from the peritoneal cavity to the collecting bag and from the 
bag of solution to the peritoneal cavity takes places by- 
gravity, the collecting bag being kept below the level of the 

20 abdomen and the bag filled with fresh solution being kept 
above the level of the abdomen. Typically, a patient carries 
out the draining-f illing operations which have just been 
described four to five times a day and each exchange involves 
two liters of liquid- 

25 m the peritoneal dialysis method known as "automatic 

peritoneal dialysis (APD) ", the draining^f illing operations 
are carried out overnight, while the patient is resting, using 
a machine essentially comprising a pump for circulating the 
drain liquid and the fresh dialysis solution, a heating device 
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for heating the fresh solution, a balance for weighing the 
_ ba g S of fresh solution and of drain liquid and for measuring 

the weight loss , " " and " a"~ pr"ogfanimabie— control . .unit _ _ for 

controlling the alternation of the cycles of dwelling and of 
5 draining-filling. Since this mode of treatment is administered 
by a machine and while the patient is resting, it allows a 
larger number of exchanges than in standard peritoneal 
dialysis: five or ten exchanges are usually carried out per 
night, requiring from ten to thirty liters of fresh solution. 

10 In general, the sterile liquids used for carrying out 

medical treatments of the type which have just been mentioned 
are prepared industrially and are packaged in flexible plastic 
bags. Besides the fact that it is unsuitable for the 
production of unstable solutions (sodium bicarbonate), this 

15 preparation method has several drawbacks, in particular the 
cost of transporting and storing heavy and bulky bags of 
solutions and the need to manage products which have expiry 
dates. To overcome these drawbacks, devices have been proposed 
for preparing sterile medical liquids at the place of use. 

20 Document EP 0,622,087 describes a process for the on-line 

preparation of a sterile, pyrogen free liquid which is 
obtained by filtering a dialysis liquid produced by a standard 

dialysis machine. 

Document GB 2,034,584 describes a process for preparing a 
25 sterile liquid whose sterility is obtained by heating the 
liquid to a determined sterilization temperature for a 
determined time. A device for carrying out this process, which 
is designed to fill bags with the sterile liquid, comprises: 
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- heating means for raising the temperature of a 
liquid immediately upstream of a sterilization unit consisting 
of a portion of heat-insulated circuit; 

- a circuit connected to the sterilization unit/ which 
S has a first end connected to a source of liquid to be 

sterilized and a second end connected to a connector which has 
a first outlet for delivering a sterile liquid; 

- a discharge pipe connected ta a second outlet of the 
connector, and 

20 - pumping means for circulating the liquid in the main 

circuit . 

This device also comprises means for degassing by heating 
the liquid to be sterilized upstream of the heating means and 
of the sterilization unit in order to avoid the entrainment of 
15 bubbles by the liquid during the sterilization treatment- 

Although that document presents the prior degassing as a 
satisfactory solution to the problem posed by the presence of 
bubbles in a liquid subjected to a sterilization treatment, it 
is doubted that, without other precautions, a liquid brought 
20 to a high temperature would not entrain bubbles simply because 
it has been degassed beforehand. 

Moreover, that document avoids two questions which, 
according to the invention, need to be answered when the 
sterilization of a liquid is undertaken. The first question 
25 relates to what is meant by the term "sterilization" and the 
second question relates to the microbiological quality of the 
device used to carry out the sterilization. 

It should be recalled that the term "sterility" defines a 
microbiological quality of the object said to be "sterile" and 
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that, £5Sr3kSar^o standard EN 556 and also according to the 
US and European Pharmacopoeias, in order for a device or a 
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that, according to standard EN 556 and also according to the 
US and European Pharmacopoeias, in order for a device or a 
liquid to be labeled as sterile, it is necessary for the 
theoretical probability of the presence of a viable 
microorganism in this device or this liquid to be less than or 
equal to 10"*. 

However, checking this 10~ 6 level of presence by examining 
the finished product is impossible on two counts, both because 
the sampling required for this check according to the Poiseon 
probability distribution is unachievable, and because, in 
practical terms, the manipulations required to check the 
samples entail a probability of contamination which is such 
that, even if the sampling could be achieved, the results of 
the check would be erroneous. 

One aim of the invention is to produce a sterilization 
process and a device for carrying out this process which 
ensure the sterility of the liquid prepared by the device 
according to the process. 

In order to achieve this aim, a device is provided, in 
accordance with the invention, comprising: 

- main adjustable heating means for raising the temperature of 
a liquid inside a heating chamber, 

- a main circuit comprising: 

• a first pipe, one end of which can be connected to a 
source of liquid to be sterilized, and another end of 
which is connected to an inlet of the heating chamber, and 

• a second pipe, one end of which is connected to an 
outlet of the heating chamber, and another end of which is 
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connected to a connector which has a first outlet for 

delivering a sterile liquid, 

- first pumping means for ~ circulating the liquid- in -the main 

circuit, 

5 characterized in that it comprises: 

* means for validating a sterilization treatment applied to 
the liquid, comprising calculation means for calculating a 
parameter representing the sterilizing value (FO) for the 
treatment from the value for at least one operating parameter 
10 of the device (Q, Tin, THin, Tout/ THout ) , and comparison 
means for comparing the calculated value of the parameter 
representing the sterilizing value (F0) to a first threshold 
value FOminl corresponding to the sterility of the liquid - 

For example, the calculation means are provided to 
calculate the parameter representing the sterilizing value 
<F0) for the treatment applied to the liquid from a 
mathematical model of the temperature distribution in the 
heating chamber, the temperature (Tin, Tout) of the liquid 
entering or leaving the heating chamber, the temperature of 
the heating liquid (THin) and the flow rate of the liquid (Q) 
in the heating chamber. 

According to one characteristic of the invention, the 
device also comprises control means for controlling the 
pumping means and/or the heating means such that the 
calculated value of the parameter representing the sterilizing 
value (FO) is greater than the first threshold value FOminl, 
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According to another characteristic of the invention/ the 
device also comprises means for preventing the formation of 
bubbles in the liquid during the sterilization of the liquid/ 
these means comprising first means, such as a valve with 
adjustable opening, for adjusting the pressure of the liquid 
to a pressure value above the vaporization pressure of the 
liquid, irrespective of the temperature of the liquid, the 
first means for adjusting the liquid pressure being provided 
on the second pipe of the main circuit. 

According to yet smother characteristic of the invention/ 
the device also comprises means for sterilizing the second 
pipe and the connector comprising : 

- means for validating a sterilization treatment applied to 
the second pipe and to the connector, and 

- means for preventing the formation of bubbles in the liquid 
during the sterilization of the second pipe and of the 
connector. 

A subject of the invention is also a process consisting 

in: 

- heating the liquid in a heating chamber to a temperature and 
for a period which are suitable for sterilizing the liquid; 

- validating the sterilization treatment applied to the liquid 
by calculating a parameter representing the sterilizing value 
(F0) for the treatment from the value of at least one 
operating parameter for the device (Q, Tin, THin, Tout, 
THout) , and by comparing the calculated value of the parameter 
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representing the sterilizing value (F0) to a first threshold 
value "FOminl- corresponding, to the_ sterility of the liquid. 

Other characteristics and advantages of the invention"- 
will become apparent on reading the description which follows. 
5 Reference will be made to the attached drawings/ in which: 

Figure 1 represents the scheme of a first embodiment of a 
device according to the invention; 

Figure 2 represents the scheme of a second embodiment of 
a device according to the invention; 
10 Figure 3 is a view in perspective of a first embodiment 

of a heat exchanger according to the invention; 

Figure 4 is a view in perspective of a second embodiment 
of a heat exchanger according to the invention. 

The device for preparing and dispensing a sterile liquid, 
15 represented in Figure 1, essentially comprises main heating 
means 80 with a heating chamber 511 for the liquid, and a main 
circuit with a first pipe 1 connected to an inlet of the 
heating chamber 511 and a second pipe 2 connected to an outlet 
of the heating chamber 511 . 
20 The main heating means 80 comprise a reservoir 81 for a 

heating liquid (for example oil or ethylene glycol) connected 
via a heating liquid recirculation pipe 83 to a tubular sleeve 
512 which surrounds the chamber 511 for heating the liquid to 
be sterilized. The heating chamber 511 and the sleeve 512 form 
25 a first heat exchanger 51. The main heating means 80 also 
comprise an adjustable heating member 84 for heating the 
hearing liquid, as well as a pump 42 for permanently 
circulating the heating liquid in the exchanger 51. 
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The first pipe 1 has two inlets respectively controlled 
by means of two valves 20, 21: a first inlet is connected to a 
water source (valve 20) and the second inlet is connected to a 
source of medical liquid (valve 21) . The following members are 
S provided on the first pipe 1, in order, starting from the 
valves 20, 21s a conductivity meter 85 for measuring the 
conductivity of the liquid in the circuit and for checking 
whether the liquid is water or a solution; a filter 86; a 
degassing chamber 87 fitted with a level detector 88; a flow 

10 meter 74; a first pump 40; first additional heating means 501 
and a valve 23. A purge pipe 3, which is fitted with a valve 
22 and a non-return valve 89, connects a high point of the 
degassing chamber 87 to the drain- A branch pipe 4 fitted with 
a pump 41 is connected to the purge pipe 3 so as to short- 

15 circuit the valve 22. During functioning, each time the level 
detector 8 8 detects no more liquid, then either the valve 22 
is opened for a determined period if the pressure of the 
liquid in the circuit upstream of the first pump 40 is above 
atmospheric pressure, or the pump 41 is switched on for a 

20 determined period, if the pressure of the liquid in the 
circuit upstream of the pump 40 is below atmospheric pressure. 

The second pipe 2 connects the outlet of the heating 
chamber 511 to an outlet of the main circuit, which consists 
of a special sterilizable connector 90, with one inlet and two 

25 outlets, A connector of this type is described, for example, 
in patent No WO 96/05883- The following members axe provided 
on the second pipe 2, in order, starting from the exchanger 
51: first additional cooling means 502, which are 
advantageously combined with the first additional heating 
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means SOI to form a second heat exchanger 50; main cooling 
means comprising a tubular sleeve 521 surrounding the pipe 2 
over a part 522 of its length" to foriri "a -third heat -exchanger. 
52/ the sleeve 521 having an inlet connected to a cold water 
source via a feed pipe 5 on which is provided a pump 43, and 
an outlet connected to the drain via a discharge pipe 6 on 
which are provided, in order, starting from the exchanger 52: 
a valve 25 and a non-return valve 91; a first means of liquid 
pressure adjustment consisting of a valve 36 with adjustable 
opening; two valves 25, 27 which are in duplicate for safety 
reasons; and the sterilizable connector 90, which has an inlet 
connected to the end of the pipe 2, a first outlet (not shown) 
for connecting the device to a container or to a patient and a 
second outlet connected to one end of a first discharge pipe 
15 7, the other end of which is connected to the drain. 

As will be explained later in detail, the first discharge 
pipe 7 is used during the sterilization of the second pipe 2 
and of the connector 2, and during the drainage of a patient's 
peritoneal cavity, when the device according to the invention 
20 is used for treating a patient by peritoneal dialysis. The 
following members are provided on the first discharge pipe 7, 
in order, starting from the connector 90: two valves 28, 29 
which are in duplicate for safety reasons; a second additional 
cooling means 531; a second means of liquid pressure 
25 adjustment consisting of a valve 37 with adjustable opening, 
which can be by-passed by means of a branch pipe 8, fitted 
with a valve 30; a non-return valve 92; a second flow meter 
75; a blood detector 95; a valve 31. A branch pipe 9 fitted 
with a valve 32 and a second pump 44 is connected to the 
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discharge pipe 7 so as to short-circuit the valve 31 . As will 
be explained later in detail, the second pump 44 is used for 
draining the patient's peritoneal cavity- This second pump can 
also be used at the start of a step of filling a container or 
5 the peritoneal cavity of a patient subjected to a peritoneal 
dialysis treatment . 

A second discharge pipe 10 has one end connected to the 
second pipe 2 of the main circuit, immediately downstream of 
the adjustable valve 36, and its other end is connected to the 

10 drain- This pipe 10 is provided, in order, starting from the 
second pipe 2, with a first valve 33, a second valve 34 and a 
non-return valve 93. As is described in detail later, this 
discharge pipe 10 is used during a peritoneal dialysis 
treatment, outside of the steps for filling the patient's 

15 peritoneal cavity. 

The first and the second discharge pipes 7, 10 are 
connected via a connecting pipe 11, one end of which is 
connected to the pipe 7 , between the valve 29 and the second 
additional cooling means 531, and the other end of which is 

20 connected to the pipe 10, between the valves 33 and 34. A 
valve 35 is provided on this connecting pipe 11. 

The device for preparing and dispensing a sterile liquid 
according to the invention also comprises a third pipe 12 
mounted in parallel to the first pipe 1, between a first point 

25 located downstream of the first pump 4 0 and a second point 
located upstream of the first exchanger 51. This third pipe 12 
is provided, in order, starting from the pump 40, with a 
second additional heating means 532 and a valve 24. 
Advantageously, the second additional heating means 532 is 
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combined with the second, additional cooling means 531 to form 
a fourth heat exchanger 53. 

In accordance with the invent ion, the~third "pipe ~12 -and 

its accessories, along with the adjustable valve 37 provided 
5 on the first discharge pipe 7, form a part of means for 
sterilizing the device (second pipe 2 and connector 90) . 

The device represented in Figure 1 also includes a 
plurality of pressure and temperature measuring means provided 
at various points on the main circuit (pipes 1 and 2), on the 
10 first discharge pipe 7 and on the main heating means 80. In 
particular/ a pressure sensor is connected to the following 
pipes, at the following points: 

- on the second pipe 2, between the third exchanger 52 and the 
first adjustable valve 36 (reference number 7 0) ; 

15 - on the second pipe 2, immediately upstream of the connector 
90 (reference number 71); 

~ on the first discharge pipe 7, between the fourth exchanger 
53 and the second adjustable valve 37 (reference number 72) * 

A temperature sensor is connected to the following pipes, 
20 at the following points: 

- on the first pipe 1, immediately downstream of the first 
pump 40 (reference number 60); 

- at the inlet and at the outlet of the heating chamber 511 of 
the main heating means 80 (reference numbers 63, 64) ; 

25 - on the pipe 83 for recirculating the heating liquid, at the 
outlet of the reservoir 81 (reference number 61) and at the 
outlet of the sleeve 512 (reference number 62) # 

- on the second pipe 2, between the third exchanger 52 and the 
first adjustable valve 36 (reference number 65) ; 
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- on the second pipe 2, at the junction between this pipe and 
the second discharge pipe 10 (reference number 66) ; 

- on the first discharge pipe 7, at the inlet of the fourth 
exchanger 53 (reference number 67) / 

5 — on the first discharge pipe 7, downstream of the second 
adjustable valve 37 (reference number 68) . 

Manufacturers of suitable components for the device of 
figure 1/ as well as the reference of such components are 
indicated in the following table. 
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COMPONENT 



FIGURE 1 
REFERENCE N° 



MANUFACTURER 



MANUFACTURER 
REFERENCE 



Blood- 1 eak- 
detector 



95 



_HOSPAL DASCO 



69S7989 



Degassing 
chamber 



87 



HOSPAL DASCO 



Conduct i vity 
meter 



85 



HOSPAL DASCO 



6965925 



6945109 
6962195 



Gear pump 



43 



HYDROFLUrD 



Peristaltic 
pump 



41 



ASF 



prototype 
HOSPAL RD 

6959100 



Gear pump 



40, 44 



THUTILL 



B904 9PYWQS 



Filter 



86 



HOSPAL DASCO 



6958821 



Flow meter 



74, 75 



HOSPAL DASCO 



69S5959 



Heat 
exchanger 



50, 51, 52, 53 



PARKER FLUID 
CONNECTOR 



type DHTC SS4 



Level 
detector 



88 



HOSPAL DASCO 



6957054 



Main heating 
means 



42, 80, 81, 84 



BIOBLOCK 



type HUBERT 
(G85111) 



Rec i r cu 1 at i on | 
pipe 



83 



PROLABO 



06521000 



Non-return 
valve 



89, 91, 92, 93 



HOSPAL DASCO 



6950737 



Sterilizable 
connector 



90 



CAMBRIDGE 
CONSULTANTS 



prototype 



Valve with 
adjustable 
opening- 



36, 37 



NUPRO 
( SWAGELOK) 



type RL3 
(SS-3K-RL3-VI 



Pressure 
sensor 



70, 71, 72 



KELLER 



PA-10-8838 



Solenoid 
valve 



120, 21, 22, 25, 
31, 32 



SIRAI 



D111S1SZ612A 



Solenoid 
valve 



23, 24, 26, 27, 
[28, 29, 30, 33, 
34 ,35 



BURKERT 



type 255 
(35003999) 



Stainless 
pipe 



1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 

llj^ 12 



FAURE 
AUTOMATISME 



36403031 



Temperature 
sensor 



60, 61, 62, 63, 
64, 65, 66, 67, 

68 



FAURE 
AUTOMATISME 



TC2EJ20M3AJR1 
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The device a=cording to the . nvention ^ 
convex unit (not shown, . Thls wit riceives 

by the pressure sensors ,0 to 72. by the temperature sensors 
60 to 6 B and by the „„ „ eters , 4 Md ?s these 

from the set value for the operatic parser, communicated 
by an operator ( i„ particular, optional^, the flow rate 
the l iqu id, 3nd f „„ . control and checwn5 ^^^^ ^ 

a Wy of the control unit, this unit contrQls ^ ^ 
the functionin, of the oev.ee. In particular, in ac cordanee 
-ith the invention, the control unit checxs and validates the 
sterlli 2 ation treaty applied to tne ^ ^ ^ 

hand, and to the device, on the other hand. 

in accordance with the invention, in order to ensure that 
the l^id leavi„ 9 the main heati „ g msans „ ^ ^ ^ 

» times. it is fir3t nec „ sary to a 

representing the sterili 2i „ g velue for the treatment carried 
«t. "hich can be calculated, for example, from an aiaorithm 
mod.li„ g the temperature distribution inside the exchanoer Si 
for the main heatino means 60, and from the value of at least 
30 one of the parameters iiable to influence the steriliaation 
treatment, namely the flow rate Q of the l iquid to be 
sterilized in the exchanoer 51, the temperature (Tin > et th6 
liquid to be sterili,ed enterino the exchanoer S1 and the 
temperature (XHin, of the heatino li quid enteri „ s ^ 
» exchanger si. Since the temperatures at the outlet of the 
e*chan g er SI (temperature of the sterili„d l lqui d and 
temperature of the heati„ g l iquid) ara llnfced ^ 
temperetures a t the inlet of the exchanoer SI, it also 
possible to ta.ee into account in the caioUatlons the 
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temperature (Tout) of the sterilized liquid leaving the 

exchanger 51 and/or the temperature (THout) of the heating 

liquid leaving the exchanger SI, 

When the parameter representing the sterilizing value for 
5 the treatment is defined, a set value for this parameter is 
then chosen which is both high enough to correspond to an 
effective sterilization of the liquid, and as low as possible 
in order to prevent or limit the degradation of the liquid to 
be sterilized when this liquid is heat-sensitive (as in the 
10 case of solutions for peritoneal dialysis which contain 
glucose) . 

During functioning, the control unit is programmed to 
calculate, at regular intervals, the value of the parameter 
representing the sterilizing value for the treatment, from the 
15 algorithm of temperature distribution in the exchanger 51, and 
the temperature and flow rate data measured by th 
corresponding sensors . Each time that a new value for the 
parameter is calculated, the control unit checks that this 
calculated value is higher than the set value and it validates 
20 the sterilization of liquid. 

This checking process, which allows validation of the 
effective sterilization of the liquid as resulting from the 
correct use of the device according to the invention, can be 
passive. The reason for this is that, given that the sterile 
25 state is a crucial characteristic of a medical liquid which 
needs to be injected, it is possible to envisage a standard 
operating mode for the sterilization device in which the 
choice of the flow rate for the liquid to be sterilized is 
limited to a restricted number of different predetermined 
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values (for example three, an * in tthic „ , u of ^ ^ 
operatic parameters for the ^ ^ _ 

of the predetermined fl.„ rates, such thit ^ functlon . n9 o£ 
the device is simplified as much as possibl ,. ^ ^ case< 
the che= k i„g process deacribed is ^ 

validate the sterilization. 

Naturally, it is alec poaaible t . ^ ^ 

mode for the device in „„ich the choice of «„ rate of ^ id 
to be sterilized i. free „ ithin a range of deteMined 
in this case, the control unit can he used to calculate, from 

representing the sterilise value, the other operating 
Parameters for the device, in particuler the temperature of 
the heating li,„ id . During functioning( ^ ^ 

regularly adjusts the flow rate of the first pump 40 ^ 
the temperature of the heating liguid, such that the 

calculated value of tHo na y^«i. 

xue of the parameter iS always greater than the 



set value. 



20 



25 



In one embodiment of the invp fl K«n *-v, 

ne lnven tio n/ the parameter denoted 

« the literature as P0 (expressed in minutes, is used as 
parameter representing the sterilizing value for the 
sterilization process, it is recalled that F0 is the sum rf of 
the cumulative sterilizing effects during a sterilization 
treatment (this sum being called "sterilizing value w6 en 
the reference temperature T is egual to (ul . rtl and 

the thermal motivation value 2 is egual to 18'F ,10'c, As a 
reminder, the thermal inactivation value , is the temperature 
increase which multiplies by ten the rate of destruction of a 
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specific microorganism, Z 10°C corresponds to a theoretical 

microorganism which is slightly more resistant than the 

microorganism reputed to be more heat-resistant" than any- other 

spore-forming microorganism/ Bacillus stearothermophllus . The 
5 canonical formula of FO is as follows: 



FO^f* 10 10 dt 
^ o 

This formula cannot be applied directly to the checking 
10 of a sterilization treatment in which the liquid to be 
sterilized is permanently flowing and in which the heating 
means used to raise the temperature of the liquid to be 
sterilized do not bring this liquid to the same temperature at 
all points in the heating chamber. 
15 In accordance with the invention, when the heating means 

are arranged to heat the liquid to be sterilized along a 
portion of the pipe in which the liquid is circulating, the 
fallowing formula can be used to calculate P0: 

c T(y) -121 3 
20 FO=f L — xio 10 dy 



in which 
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L - length of the portion ot p . pe (haatin9 sii) ^ 

Which the li^id t0 be sterUi2ed ^ fcy 

means 80; 



S S 3 internal 



cross section of the heating chamber 511; 



Q = «ow rate of the l iquid to be sterilise: in the hea ting 
chamber 511; 



10 T(y) - elation « tha te „ ur8 distri , ution of iiquid 
as a function of the distance fro „ thB ^ Qf ^ ^ 
chamber 51 1. 



15 



20 



25 



The nation T(y, depends on the structu „ of ^ 
exchanger S1 for the „ ain heat . ng ^ eo ^ ^ ^ 

operating mode, ror example, reference „m be nade to 

Figure 3 which represents * i. . 

P esents a t««t embodiment of an exchanger 
Which is adapted to the device of invent . on ihis 

exchanger consists of two concentric pipes, the out e r p ipe 
forcing a sleeve 512 arounti the inMr ^ ^ 

the heating chamber 511 mentioned above. 

During functioning, the llquid ,„ fae sterill2ed ^ ^ 
heating liq uid (ethylene giyco!, from the reservoir „ ara 
circuited in counter-flc, in the inner pipe (heating chafer 
SIX) and in the outer pipe (Bl eeve Sl2 , . Tha inside diameter 
of the heating chamber 511 is chosen such that, in the range 

« «~ «... „ hi ch i„= lud „ the r „ ^ 

sterilisation device (for „ Mpl .. 100 to 4(J0 ^ 
flow or the liquid to be sterUi s9 d is always turbulent 
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For an exchanger with an inner pipe made of stainless 
steel _and an outer pipe made of copper and having the 
following dimensions : 



Length (cm) 


222 


Inner pipe volume (ml) 


26 


Outer pipe volume (ml) 


105 


Cross section of the inner pipe (cm 2 ) 


0-117 


Area of the annular space between the inner and 
out e r pipes ( cm 2 ) 


0.502 


Internal perimeter of the inner pipe (cm) 


1.213 


External perimeter of the inner pipe (cm) 


1.995 


Internal exchange area of the inner pipe (cm 2 ) 


269 


External exchange area of the inner pipe (cm*) 


443 



the equation T (x) can be written in the following way: 

r x ro" ny - e~ nL l 
T(y)=Tin + (THin -Tin) x L J 



1-r x 



10 



in which: 

Tin = temperature of the liquid to be sterilized entering the 
heating chamber 511 {such as measured by the sensor 63) , 



THin = temperature of the heating liquid entering the sleeve 
15 512 (such as measured by the sensor 61) . 



jr 6 x 10" S x Q 2 - 0,0577 Q + 19,084 
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n = -i m [ 301415 - 958,18 Q + Q 2 

292,6 + 65,720 -0,200453ft 3 + 0,00020948 

5 

Q = flow rate of the liquid in the heating chamber 511. 



10 



15 



20 



25 



As emerges from this example, it is possible to calculate 
the sterilizing value F0 at any moment, from a measurement of 
the temperature Tin of the liquid to be sterilized entering 
the exchanger 51, a measurement of the temperature THin of the 
heating liquid entering the exchanger 51, a measurement of the 
flow rate Q of liquid to be sterilized and an equation 
modeling the temperature distribution inside the exchanger 51. 

Throughout all the operating phases of the device 
according to the invention in which the device is programmed 
to produce a sterile liquid (water or medical liquid), the 
control unit validates the sterilization treatment carried out 
by checking that the calculated sterilizing value P0 is always 
greater than a first threshold value FOminl corresponding to 
the sterility of the liquid. 

In accordance with the invention, during a preliminary 
phase of operating the device, the main circuit of the device 
has to be sterilized, from the exchanger 51 up to and 
including the connector 90, i.e. beyond the connector 90, for 
example up to the level of the temperature sensor 61 connected 
to the first sterilization pipe 7. The sterilization of the 
main circuit can be considered as effective when all of the 
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points in the main circuit downstream of the exchanger 51 have 

been- brought, by means of the sterile liquid, to a minimum 

temperature T2 for a minimum period t2, which corresponds to a 
second set sterilizing value F0min2, such that: 



t T2-121 j 
FOxain2 = t2 x 10 10 



Validation of the sterilization of the main circuit can 
be made simply by the control unit by checking that, during an 

10 uninterrupted interval at least equal to t2# the temperature 
of the liquid measured by the temperature sensor 67 has 
constantly been above T2 . 

Since the sterilization of the device is to be 
carried out with sterile water, during the initial phase of 

15 sterilizing the device, the control unit must validate both 
the sterilization of the liquid and sterilization of the main 
circuit. In other words, the control unit must cheak both that 
the sterilizing value for the sterilization treatment applied 
to the liquid is greater than FOminl and that the sterilizing 

20 value for the sterilization treatment applied to the circuit 
is greater than F0min2. 

When the device is used to administer an automated 
peritoneal dialysis treatment, the functioning of the device 
essentially comprises the following four phases: 

25 The first phase corresponds to the initial sterilization 

of the device, 

The second phase corresponds to a standby state in which 
the device is kept sterile and produces sterile water at a low 
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flow rate. This second phase comes immediately after the 
initial sterilization of the device or between two active 
phases of functioning of the device, the filling of the 
patient's peritoneal cavity and the draining of this cavity 
5 after the liquid has dwelled therein for a determined period. 

The third phase corresponds to the continuous production 
of the sterile solution for filling the patient / s peritoneal 
cavity - 

The fourth phase corresponds to the draining of the 

10 patient's peritoneal cavity while the device is kept sterile 
and produces sterile water at a low flow rate. 

First phase: initial sterilization of the circuit. 
In order to economize the liquid for medical use, the 
circuit is preferably sterilized with water (valve 20 open, 

IS valve 21 closed) . During this first phase, which includes 
several steps, valve 23 is closed and valve 24 is open, such 
that the water made to circulate by the first pump 4 0 
circulates in the third pipe 12- Moreover, the first 
adjustable valve 36 is fully open and the second adjustable 

20 valve 37 is only partially open, such that pressure in the 
circuit upstream of the valve is always greater than the 
pressure at which the water would begin to boil (if the water 
began to boil, it would not be possible to validate the 
sterilization of the circuit, since it would not be possible 

25 to certify that every point of the circuit has come into 
contact with water at a minimum temperature for a minimum 
uninterrupted period of time) . The pumps 43 and 44 are not 
switched on . 
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In a first step of this first phase/ the valves 26, 27, 
28, 29, 30, 32, 34 are closed and the valves 33, 35, 31 are 

open, such that, downstream of the first adjustable valve- 36, 

the water flows into a part of the second discharge pipe 10, 
5 into the connecting pipe 11 and then into the first discharge 
pipe 7- 

In a second step of this first phase, the valves 2 6, 27, 
28, 29 are open, such that the water then also flows into the 
end of the second pipe 2, through the connector 90, and then 
10 into the first discharge pipe 7, from its connection to the 
connector 90. 

In a third step of the first phase, the valves 33, 35 are 
then closed, such that the water no longer circulates in the 
start of the second discharge pipe 10. 

X5 The duration of these three steps, as well as the flow 

rate of the water in the circuit, the degree of opening of the 
valve 37 and the intensity of the heating supplied by the main 
heating means 80 are either adjusted to preprogrammed values 
or are adjusted as a function of each other such that the 

20 sterilizing value for the sterilization treatment applied to 
the water and to the circuit is greater than the first and the 
second set value FOminl, F0min2. The control unit also checks 
that, given the actual operating conditions of the device, as 
measured by the various sensors, the effective sterilizing 

25 value is greater than FOminl and than F0min2. 

For example, during this first phase, the flow rate of 
water made to circulate by the pump 40 is adjusted to 
250 ml/min., the pressure in the circuit upstream of the 
valve 37 is adjusted to seven bar and the temperature of 
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ethylene glycol entering the exchanger 51 is adjusted to 165°c 
(the pressure referred to throughout this document is the 
absolute pressure) . The temperature of the water leaving the 
exchanger 51 is then at least equal to 1S3°C and the 
5 temperature upstream of the fourth exchanger 53, as measured 
by the sensor 67, is at least equal to 131°C. The duration of 
the various steps is chosen such that the sterilizing value of 
the sterilization treatment applied to the liquid is greater 
than 30 min. and the sterilizing value of the sterilization 
10 treatment applied to the circuit is greater than 30 min. 
Second phase: placing the device on standby. 
The main aim of this phase is to provide sterile water at 
a temperature of 37»C and at atmospheric pressure at the 
connector 90 . 

In a first step of this second phase, the valve 23 is 
open, such that the water made to circulate by the pump 40 
flows both into the first pipe 1 and into the third pipe 12. 

In a second step, the valve 24 is closed, such that the 
third pipe 12 is isolated. Moreover, the valve' 25 for the main 
cooling means is open and the pump 43 is switched on. During 
this step, the water is cooled in the exchanger 52, which it 
leaves at about 37°C, while the first adjustable valve 3 6 is 
gradually closed and the second adjustable valve 37 is 
gradually opened, such that the water does not begin to boil 
at any time, irrespective of its temperature, and such that, 
when the adjustment of the valves 36, 37 is complete, the 
pressure upstream of the first adjustable valve 36 is about 
seven bar and the pressure upstream of the second adjustable 
valve 37 is about one bar (atmospheric pressure) . The valve 30 
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mounted in parallel to the setond adjustable valve 37 is 

closed. 

In a third step, the valves 33, 34 are^open,~ such that 

ths water also flows in the second discharge pipe 10. 
5 Lastly, in a fourth step, the valves 26, 27,-28, 29 are 

closed, such that the sterile water only flows in the second 
discharge pipe 10 and such that the water stands in the 
portion of circuit containing the connector 90, In this mode 
of operating the device, which is a standby mode, all of the 

10 sterile water is sent to the drain. For reasons of economy, 
the flow rate of the pump 40 is reduced to the minimum, i.e. 
down to a value (100 ml/min,) at which the flow of water in 
the heating chamber 511 remains turbulent. Preferably, the 
temperature of the liquid for heating the main heating means 

15 80 is lowered accordingly- During this second phase, as in the 
phases which follow, the control unit checks at regular 
intervals that the sterilizing value PO for the treatment 
applied to the water, as calculated from the measured values 
of the flow rate Q and of the temperatures {Tin, THin) at the 

20 exchanger 51 inlet , is always within a range of values which 
has the first set value FOminl as a lower limit (for example 
between 30 min. and 40 min.) • 

Third phase: production of sterile medical liquid. 

The aim of this third phase is to produce a sterile 

25 medical liquid and to infuse this liquid into the patient's 
peritoneal cavity- A first step consists in closing the valve 
20 and opening the valve 21 which gives access to a source of 
medical liquid to be sterilized, such that the medical liquid 
replaces the water in the first pipe 1, in the second pipe 2 
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up to the first adjustable valve 36, and in the - second 
discharge pipe ID. 

The second step of the third phase consists in opening 
the valves 26, 27, 28, 29, 31 such that the sterile medical 
5 liquid replaces the water in the end of the second pipe 2, in 
the connector 90 and in the first discharge pipe 7. Next, the 
valves 33, 34 are closed, such that the liquid is now sent to 
the drain only via the first discharge pipe 7 . 

The third step consists in connecting the patient to be 

10 treated to the device by means of a flexible tube (not shown) , 
one end of which is connected to the patient's catheter and 
another end of which is connected to the connector 90 of the 
device. During the preceding three steps, the flow rate of the 
medical liquid controlled by the pump 40 is adjusted to a set 

15 infusion flow rate suited to the patient. After the patient 
has been connected to the device, the flow rate of the liquid 
leaving the connector 90 (infusion flow rate) is process- 
linked to the comparison between the pressure measured by the 
pressure sensor 71 and a set pressure corresponding to a 

20 pressure which is acceptable for the patient. In order to vary 
the infusion flow rate, a first possibility consists in 
modifying the flow rate of the first pump 40, which may make 
it necessary to correspondingly modify the temperature of the 
heating liquid. In order not to have to vary the sterilization 

25 parameters (flow rate of the liquid, temperature of the 
heating liquid) , another possibility consists in opening the 
valves 28, 29, 32, in closing the valve 31 and in setting the 
second pump 44 at the appropriate flow rate. 
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According to one variant of the invention/ the filling of 

the_ patient peritoneal cavity is not carried out at constant 

flow rate as soon as the patient is connected to the device, 
and the infusion at the nominal flow rate is preceded by a 
5 transient phase in which the flow rate is gradually increased 
until the nominal flow rate is reached- In order to be able to 
vary the infusion flow rate without having to modify the flow 
rate of the first pump 40 (i.e. the liquid sterilization 
parameters also) / the first discharge pipe 7 and the second 

10 pump 4 4 are used to take a decreasing fraction of the liquid 
sterilized by the device from the connector 90 and to send it 
to the drain. To do this, before the patient is connected to 
the device, the valves 28, 29, 30, 32 are open, the valve 31 
is closed and the second pump 44 is switched on at the same 

15 flow rate as the main pump 40. When the patient is connected 
to the device, the second pump 44 is controlled such that its 
flow rate decreases gradually until it becomes zero (pump 44 
stopped) . 

This filling phase is complete either when a 
20 predetermined amount of liquid, calculated by means of the 
data supplied by the flow meters 74 and 75, has been infused, 
or when the pressure measured by the pressure sensor 71 
reaches a predetermined pressure. In the latter case, the 
control unit calculates the total amount of liquid infused, by 
25 means of the data supplied by the flow meters 74, 75. 

Fourth phase: draining the patient's peritoneal cavity. 
This phase follows the standJay phase described above, 
during which the device produces sterile water at a low flow 
rate in order to maintain the sterility of the device, this 
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sterile water being sent to the drain via the second discharge 
pipe 10, in therapeutic terms/ the draining of the patient's 
peritoneal cavity is ordered when the liquid infused during 
the previous filling phase has dwelled in the peritoneal 
5 cavity for a predetermined period. 

Compared with the standby phase, the valves 28, 29, 30, 
32 are open and the pump 4 4 is switched on at a predetermined 
flow rate. The pump 44 is stopped when the amount of liquid 
drained is equal to the amount of liquid previously infused, 

10 increased by an amount of liquid corresponding to the weight 
which the patient should lose during each dwelling phase. In 
an alternative embodiment, the pump 44 is stopped when the 
pressure measured by the pressure sensor 71 reaches a 
determined low threshold. 

15 At the end of this draining phase, the valve 20 is closed 

and the valve 21 is opened, such that the device again 
sterilizes the medical liquid . 

Figure 2 represents a second embodiment of the device 
according to the invention. This device essentially comprises 

20 main heating means 8 0 with a chamber 511 for heating the 
liquid, and a main circuit with a first pipe 1 connected to an 
inlet of the heating chamber 511 and a second pipe 2 connected 
to an outlet of the heating chamber 511. 

The main heating means 80 comprise a reservoir 81 

25 containing a heating liquid, such as oil or ethylene glycol - 
The heating chamber 511, which is coil-shaped, is arranged in 
the reservoir 81 so as to be immersed in the heating liquid. 
An adjustable heating member 84 allows the temperature of the 
heating liquid to be raised. The heating means 80 also 
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comprise liquid homogenization means consisting f a pipe 83 

connectingr the lower part to the upper part of the reservoir 

81, on which a pump 42 is provided- 

The first pipe 1 has an inlet which can be connected 
5 either to a water source or to a source of medical liquid. The 
following members are connected to the first pipe 1/ in order, 
starting from the inlet of the pipe 1: a flow meter 74; a 
first pump 40; a valve 23; a first and a second additional 
heating means 541, 551, 

10 The second pipe .2 connects the outlet of the heating 

chamber 511 to an inlet of a sterilizable connector 90, which 
has a first outlet for dispensing the sterile liquid. The 
following members are connected to the second pipe 2, in 
order, starting from the main heating means 80: first 

15 additional cooling means 552, which are advantageously 
combined with the second additional heating means 551 to form 
a first heat exchanger 55; second additional cooling means 
542, which are advantageously combined with the first 
additional heating means 541 to form a second heat exchanger 

20 54; main cooling means 56; a valve 27; first pressure 
adjustment means 3 6, consisting of a valve tared to a first 
pressure threshold (five bar); and a valve 26. 

The heat exchangers 54, 55 are preferably shaped like the 
exchanger represented in Figure 4, i.e. with the junction on a 

25 part of their length of the pipe 1 and of the pipe 2 . The two 
portions of joined pipes are formed into twin helical coils, 
and both the inside and the outside of the cylinder thus 
formed are covered with a material which is a good heat 
conductor . 
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The main cooling means 56 comprise a reservoir 57 with an 
inlet connected to a cold water source via a pipe 5 and an 
outlet connected to the drain v ia a pipe 6 on which is 
provided a valve 25. A drain pipe IS fitted with a valve 39 is 
5 connected to the pipe 5 so that the reservoir 57 drains under 
gravity when the supply of water to the pipe 5 is interrupted 
and the valves 25 and 39 are opened. The pipe 2 includes a 
coil-shaped portion 522, which is arranged in the reservoir 57 
so as to be immersed in the cold water. The cooling means 56 
are also fitted with liquid homogenization means consisting of 
a recirculation pipe 58 connecting the lower part to the upper 
part of the reservoir 57, on which is provided a pu mp 43. 
During functioning, the pump 43 is permanently running, and 
the temperature of the water leaving the cooling means 56, 
which is measured by a temperature sensor 65 connected to the 
Pipe 2, is compared with a reference temperature: when the 
temperature of the water leaving the cooling means 56 exceeds 
the reference temperature, the valve 25 is opened until the 
temperature of the water leaving the cooling means has fallen 
below the reference temperature. 

The sterili 2a tion device represented in Figure 2 also 
comprises a first discharge pipe 7 which is connected to a 
second outlet of the connector 90, as well as a second 
discharge pipe 10 which i s connected to the second pipe 2 of 
25 the main circuit. 

The first discharge pipe 7 is used for draining a 
patient's peritoneal cavity, when the device according to the 
invention is used for treating a patient by peritoneal 
dialysis,- it is also used, partially, during the sterilization 
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of the second pipe 2 and of the connector 90. The following 

members-are .connected to the f irst discharge pipe 7, in order, 

starting from the connector 90: a first valve 28; "a "Yecond " 
valve 32; a second flow meter 75; a third valve 35; and a pump 
5 44. 

The second discharge pipe 10 has one end connected to the 
second pipe 2 of the main circuit, between the tared valve 36 
and the valve 2 6, and its other end is connected to the drain. 
The second discharge pipe 10, which is provided with a first 
10 valve 33 and a second valve 34, is used during a peritoneal 
dialysis treatment, outside of the steps for infusing the 
patient . 

The first and the second discharge pipes 7, 10 are 
connected via a connecting pipe 11, one end of which is 
15 connected to the pipe 7, between the valves 28 and 32, and the 
other end of which is connected to the pipe 10, between the 
valves 33 and 34. A valve 29 is provided on this connecting 
pipe 11. 

The device represented in Figure 2 also comprises means 
20 used specifically for sterilizing the second pipe 2 of the 
main circuit and the connector 90, namely a third pipe 12 
mounted in parallel to the first pipe 1, and a fourth pipe 13 
mounted in parallel to the second discharge pipe 10. 

One end of the third pipe 12 is connected to the first 
25 pipe 1, between the pump 40 and the valve 23, and its other 
end is connected to the first pipe 1, between the two heat 
exchangers 54, 5S - A valve 24 and third additional heating 
means 532 are provided on this third pipe 12, in the direction 
of circulation of the liquid. 
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One end of the fourth pipe 13 is connected to the second 
discharge pipe 10, between the valves 33 and 34 , and its other 
end is connected to the pipe 10 downstream of the valve 34, A 
third additional cooling means 531/ a second pressure 
adjustment means consisting of a valve 37 tared to a second 
pressure threshold (three bar) and a valve 31 are connected to 
this fourth pipe 13, in the direction of circulation of the 
liquid. Advantageously, the third additional heating means 532 
are combined with the third additional cooling means 531 to 
form a heat exchanger 53 shaped like the exchanger represented 
in Figure 4. 

Like the device in Figure 1, the device represented in 
Figure 2 also includes a plurality of pressure and temperature 
measuring means provided at various points on the main circuit 
15 (pipes 1 and 2), on the first discharge pipe 7, on the main 
heating means 80 and on the main cooling means 56. In 
particular, a pressure sensor is connected to the following 
pipes, at the following points: 

on the first pipe 1, between the valve 23 and the second 
20 exchanger 54 (reference number 70); 

on the first discharge pipe 7, between the valves 32 and 
35 (reference number 71) . 

A temperature sensor is connected to the following pipes/ 
at the following points: 
25 - on the first pipe 1, at the outlet of the heating chamber 
511 for the main heating means SO (reference number 64); 

on the pipe 83 for recirculating the heating liquid 
(reference number 62) ; 
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on the pipe 58 for recirculating the cooling liquid 

(reference number 60) ; 

• - on the second pipe 2, between the main cooling means 56 
and the valve 36 tared to a first pressure threshold 
5 (reference number 65) , 

The device represented in Figure 2 also includes a 
control and checking unit (not shown) . This unit receives the 
data measured by the pressure sensors 70, 71, by the 
temperature sensors 60, 62, 64, 65 and by the flow meters 74 
10 and 75. From these data, from operating parameters 
communicated by an operator, and from calculation algorithms 
and control programs stored in a memory, the control unit 
controls and checks the various operating phases of the 
device . 

15 The functioning of this device is not fundamentally 

different from the functioning of the device represented in 
Figure 1 . 

During the sterili2ation phase of the pipe 2 and of the 
connector 90, the main cooling means 5 6 are not switched on: 

20 the pump 43 is stopped, the valves 2S and 39 are open, and the 
supply of water to the pipe 5 is interrupted so that the 
reservoir 57 is empty. The valves 24, 26, 27, 28, 29, 31 are 
open and the valves 23, 32, 33, 34, 35 are closed. When the 
circuit including the pipe 2 and of the connector 90 has been 

25 sterilized, the section of pipe 10 between its junction with 
pipe 2 and its junction with pipe 11 is sterilized in turn, by 
opening valve 33 and closing one of the valves 26, 28, 29. For 
example, the pressure in the main circuit between the pump 40 
and the valve 36 tared to the first pressure value is five 



03/30 TIS 15:11* FAX- 46 46-169 1S9 GA3AIR0 PATENT ' PRV . , . . ^ _ ©115 

29-03-1999 15:55 DE 45 4*6 169 189 R RO PATENT P.37/55 

35 

bar, the pressure between the valve 36 and the valve 37 tared 
to the second pressure value is three bar and the pressure 
downstream of the valve 37 is one bar (atmospheric pressure) - 
The temperature of the heating liquid is adjusted such that, 
5 with suitable heat exchanger designs , and at an appropriate 
flowrate, the temperature of the water in line 12 downstream 
of the third exchanger 53 is 110°C, the temperature of the 
water at the outlet of the heating chamber 511 is 150°C, the 
temperature of the water downstream of the first and second 
10 exchangers 54, 55 and upstream of the third exchanger 53 is 
130°C, and the temperature of the water in line 13 downstream 
of the third exchanger S3 is 60°C. The period for which the 
second pipe 2 and the connector 90 are left in contact with 
sterile water at 130°C is sufficient to ensure their 
15 sterility, that is to say also that the sterilizing value F0 
for the sterilization treatment applied to them is greater 
than the second threshold value F0min2 . 

During the "standby phase in which the device is kept 
sterile, the valves 23, 27, 33, 34 are open and the valves 24, 
20 26, 28, 29, 31, 32, 33, 35 are closed. The main cooling means 
56 are switched on (pump 43 running, valve 39 closed, valve 25 
intermittently open) , 

During the phase of infusing liquid, the valves 23, 26, 
27, 28, 32 are open and all of the other valves are closed. 
25 The main cooling means 56 are switched on (pump 43 running, 
valve 25 intermittently open) . 

For example, during these last two phases, the pressure 
in the main circuit between the pump 40 and the valve 36 taxed 
to the first pressure value is five bar and the -pressure 
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downstream of the valve 3 6 is one bar (atmospheric pressure) . 
The temperature of the heating liquid is adjusted such that, 
with suitable heat exchanger designs/ the temperature" b~f " the' 
water at the outlet of the heating chamber 511 is 150 Q C, the 
5 temperature of the water downstream of the first and second 
exchangers 54, 55 is 60°C, and the temperature of the water 
downstream of the main cooling means is 37°C. For liquid flow 
rates less than or equal to about 300 ml/min., the operating 
conditions which have just been mentioned make it possible to 
10 ensure that the water or the medical liquid produced by the 
device is sterile. In other words, the sterilizing value F0 
for the sterilization treatment applied to the water or to the 
medical liquid is greater than the first threshold value 
rOminl - 

15 The invention is not limited to the embodiments which 

have just been described and is capable of variation. 
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1. Device for preparing a scerile liquid, comprising: 

- main adjustable heating means (80) for raising the 
temperature of a liquid inside a heating chamber (511), 

- a main circuit comprising: 
. a first pipe (1) , one end of which can be connected to 
source of liquid to be sterilized, and another end of 
which is connected to an inlet of the heating chamber 
(511), and 

• a second pipe (2) , one end of which is connected to an 
outlet of the heating chamber (511) , and another end of 
which is connected to a connector (90) which has a first 
outlet for delivering a sterile liquid, 

- first pumping means (40) for circulating the liquid in the 
main circuit (1,2), 

15 characterized in that it comprises: 

- means for validating a sterilization treatment applied to 
the liquid, comprising calculation means for calculating a 
parameter representing the sterilizing value (F0> for the 
sterilization treatment from the value for at least one 
operating parameter of the device (Q, Tin, THin, Tout, THout) , 
and comparison means for comparing the calculated value of the 
parameter representing the sterilizing value (F0) to a first 
threshold value FOminl corresponding to the sterility of the 
liquid. 
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2. Device according to Claim 1, characterized in that it also 
comprises control means for controlling the pumping means (40) 
and/or the heating means (80) such that~thcT calculated value 
of the parameter representing the sterilizing value (F0) is 
5 greater than the first threshold value FOminl. 



3. Device according to either of Claims 1 and 2, characterized 
in that the calculation means are provided to calculate the 
parameter representing the sterilizing value (F0) for the 

10 sterilization treatment applied to the liquid from a 
mathematical model of the temperature distribution in the 
heating chamber (511), the temperature (Tin f Tout) of the 
liquid entering or leaving the heating chamber (511)/ the 
temperature of the heating liquid (THin) and the flow rate of 

15 the liquid (Q) in the heating chamber (511) . 

4 . Device according to Claim 3, characterized in that the 
parameter representing the sterilizing value (F0) for the 
sterilization treatment applied to the liquid is the 

20 sterilizing value F0, defined by: 



T(y) -121 j 

FO=f L -xlO 10 dy 
J o « 

where 

25 - L is the length of the heating chamber (511) ; 

- S is the cross section of the heating chamber (511) ; 

- Q is the flow rate of the liquid in the heating chamber 
(511); 
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- T (y) is an equation of the temperature distribution in the 
heating chamber (511) . 

5. Device according to one of Claims 1 to 4/ characterized in 
5 that it also comprises means (36, 37) for preventing the 

formation of bubbles in the liquid during the sterilization of 
the liquid. 

6. Device according to Claim 5, characterized in that the 
10 means for preventing the formation of bubbles in the liquid 

during the production of sterile liquid comprise first means 
(36) for adjusting the pressure of the liquid to a pressure 
value above the vaporization pressure of the liquid/ 
irrespective of the temperature of the liquid, the first means 
15 (36) for adjusting the liquid pressure being provided on the 
second pipe (2) of the main circuit. 



7, Device according to one of Claims 1 to 6, characterized in 
that it also comprises a first discharge pipe (7) for 

20 connecting a second outlet of the connector (90) to the drain. 

8. Device according to one of Claims 1 to 7, characterized in 
that it also comprises a second discharge pipe (10) connected 
to the second pipe (2) of the main circuit between the first 

25 pressure adjustment means (36) and the connector (90) . 



9, Device according to one of Claims 1 to 8, characterized in 
that it includes first additional liquid heating means (501; 
541, 551) provided on the first pipe (1) of the main circuit. 
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10. pevice according to one of Claims 1 to 9, characterized in 

that it includes main - liquid "cooTing" means- (Sy -6 7 -43,-521; 56) . 

provided on the second pipe (2) of the main circuit upstream 
5 of the first pressure adjustment means (36) . 



11. Device according to one of Claims 1 to 10, characterized 
in that it includes additional liquid cooling means (502, S42 f 
552) provided on the second pipe (2) of the main circuit 

10 upstream of the main liquid cooling means {5, 6, 43, 521; 56) . 

12. Device according to one of Claims 1 to 11/ characterized 
in that it also comprises means (12, 37, 532; 12, 13, 37, 532) 
for sterilizing the second pipe (2) and the connector (90) for 

15 delivering the sterile liquid. 

13. Device according to Claim 12, characterized in that the 
means for sterilizing the second pipe (2) and the connector 

(90) comprise second additional liquid heating means (532) 
20 provided on a pipe (12) mounted in parallel to the first pipe 
(1) of the main circuit. 

14. Device according to Claim 13, characterized in that the 
first additional liquid heating means provided on the first 

25 pipe (1) of the main circuit include two components (541, 551) 
and in that the upstream end of the branch pipe (12) is 
connected to the first pipe (1) between the two components 
(541, 551) of the first additional heating means- 
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15. Device according- to one of Claims 12 to 14 , characterized 
in that the means for sterilizing the second pipe (2) and the 
connector (90) comprise means <37) for preventing the 

5 formation of bubbles in the liquid during the sterilization of 
the second pipe (2) and of the connector (90) • 

16. Device according to Claim IS, characterized in that the 
means for preventing the formation of bubbles in the liquid 

10 during the sterilization of the second pipe (2) and of the 
connector (90) comprise second means (37) for adjusting the 
pressure of the liquid to at least a pressure value above the 
vaporization pressure of the liquid, irrespective of the 
temperature of the liquid, the liquid pressure adjustment 

15 means being provided on the first discharge pipe (7) . 



17. Device according to one of Claims 12 to 16, characterized 
in that the means for sterilizing the second pipe (2) and the 
connector (90) comprise means for validating a sterilization 

20 treatment applied to the second pipe (2) and to the connector 
(90) . 

18. Device according to Claim 17, characterized in that the 
validation means comprise: 

25 ■ calculation means for calculating a parameter representing 
the sterilizing value (F0) for the sterilization treatment 
from a minimum value T of the temperature of the liquid, 
measured during a determined period of time t, at a point on 
the first discharge pipe (7)/ and 
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• means for comparing the calculated value of the parameter 
representing- the . sterilizing v^ye (PO) to a second threshold 
value F0min2 corresponding to the srerility of the second pipe 

(2) and of the connector (90) . 

19. Device according to Claim 18, characterized in that it 
also comprises control means for controlling the pumping means 
(4 0) and/or the main heating means (80) such that the 
calculated value of the parameter representing the sterilizing 
value (P0) for the sterilization treatment applied to the 
second pipe (2) and to the connector (90) is greater than the 
second threshold value F0min2. 



20- Device according to Claim 18/ characterized in that the 
15 parameter representing the sterilising value (F0) for the 
sterilization treatment applied to the second pipe (2) and to 
the connector (90) is the sterilizing value F0/ defined by : 



FO = txlO 10 

where 

- T => minimum value of the temperature of the liquid 

- t = period of time t during which the minimum value T of the 
temperature of the liquid is measured. 

21. Device according to Claims 6 and 16, characterized in that 
the first and the second liquid pressure adjustment means 
consist of a first and a second valve (36, 37) with variable 
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opening and in that the control means are designed to control/ 
at the end of a step of sterilizing the first pipe (2) and the 
connector (90) , the gradual partial closure of the first valve 
(3 6) and the gradual complete opening of the second valve 
5 (37) . 

22, Device according to Claim 7, characterized in that it 
includes second pumping means (44) provided on the first 
discharge pipe (7, 9) > 

10 

23. Device according to Claim 22, characterized in that # at an 
initial stage of an operating phase of the device/ the control 
means are designed to control the first pumping means (40) so 
that the flow rate of the liquid in the main circuit (1, 2 J is 

15 substantially constant and the second pumping means (44) so 
that the flow rate of liquid in the first discharge pipe (7) 
gradually decreases, such that the flow rate of liquid flowing 
via the first outlet of the connector (90) gradually 
increases . 

20 

24- Device according to one of the Claims 1 to 23/ 
characterized in that the main adjustable heating means (80) 
for raising the temperature of a liquid inside the heating 
chamber (511)/ comprises: 
25 - a container (512, 81) for containing a heating liquid in 
which the heating chamber (511) is immersed; 
- means (84) for heating the heating liquid- 
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25. Device according to the Claim 24 # characterized in that 
the -main-ad just.abJL.e_ heating^ means (80) further comprises means 
(42, 58, 83) for maintaining the temperature of the heating 
liquid substantially constant along the heating chamber (511) „ 

26. Device according to one of the Claims 24, 25, 
characterized in that the heating chamber is pipe (511) and 
the container for the heating liquid is pipe (512) which is 
concentric to the heating chamber. 



27. Process for sterilizing and dispensing a liquid by means 
of a device including: 

- main adjustable heating means (80) for raising the 
temperature of a liquid inside a heating chamber (511)/ 

15 - a main circuit comprising: 

• a first pipe (1) , one end of which can be connected to a 
source of liquid to be sterilized, and another end of 
which is connected to an inlet of the heating chamber 
(511) , and 

20 • a second pipe (2) , one end of which is connected to an 

outlet of the heating chamber (511), and another end of 
which is connected to a connector (90) which has a first 
outlet for delivering a sterile liquid, 

- a discharge pipe (10) connected to a second outlet of the 
25 connector (90), 

characterized in that it consists in: 
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- heating the liquid in the heating chamber (511) to 
temperature and for a period which are suitable for 
sterilizing the liquid; 

- validating the sterilization treatment applied to the liquid 
by calculating a parameter representing the sterilizing value 
(F0) for the sterilization treatment from the value of at 
least one operating parameter for the device <Q, Tin, THin, 
Tout/ THout) / and by comparing the calculated value of the 
parameter representing the sterilizing value (FO) to a first 
threshold value FOrainl corresponding to the sterility of the 
liquid. 



28. Process according to Claim 27, characterized in that it 
also consists in controlling the pumping means (40) and/or the 

15 heating means (80) so that the calculated value of the 
parameter representing the sterilizing value (F0) is greater 
than the first threshold value FOminl, 

29. Process according to either of Claims 27 and 28, 
20 characterized in that it consists in calculating the parameter 

representing the sterilizing value (F0) for the sterilization 
treatment applied to the liquid from a mathematical model of 
the temperature distribution in the heating chamber (511) , the 
temperature (Tin, Tout) of the liquid entering or leaving the 
25 heating chamber (511)/ the temperature of the heating liquid 
(THin) and the flow rate of the liquid (Q> in the heating 
chamber (511) , 
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- heating the liquid in the heating chamber (511) to a 
-temperature., and for a P«iod_ which are suitable for 

sterilizing the liquid; 

- validating the sterilization treatment applied to the liquid 
5 by calculating a parameter representing the sterilizing value 

<F0) for the sterilization treatment from the value of at 
least one operating parameter for the device <Q, Tin, THin, 
Tout, THout) / and by comparing the calculated value of the 
parameter representing the sterilizing value (F0) to a first 
threshold value FOminl corresponding to the sterility of the 
liquid. 



10 



28. Process according to Claim 27, characterized in that it 
also consists in controlling the pumping means (40) and/or the 

15 heating means (80) so that the calculated value of the 
parameter representing the sterilizing value (FD) is greater 
than the first threshold value FOminl. 

29. Process according to either of Claims 27 and 28, 
20 characterized in that it consists in calculating the parameter 

representing the sterilizing value (F0) for the sterilization 
treatment applied to the liquid from a mathematical model of 
the temperature distribution in the heating chamber (511), the 
temperature (Tin, Tout) of the liquid entering or leaving the 
25 heating chamber (511) , the temperature of the heating liquid 
(THin) and the flow rate of the liquid (Q) in the heating 
chamber (511) - 
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30. Process according to Claim 29, characterized in that the 

parameter representing the sterilizing value (F0) for the 

sterilization treatment applied to the liquid is the 
sterilizing value F0, defined by: 



[ T(y)>121 ] 
FO=f L -slO 10 dy 



where 

- L is the length of the heating chamber (Sll) ; 

- S is the cross section of the heating chamber (511) ; 

- Q is the flow rate of the liquid in the heating chamber 
(511); 

- T(y) is an equation of the temperature distribution in the 
heating chamber (511) . 



10 
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31. Process according to one of Claims 27 to 30, characterized 
in that it also consists in preventing the formation of 
bubbles in the liquid during the sterilization of the liquid. 

32. Process according to Claim 31, characterized in that it 
consists in pressurizing a part of the main circuit (1/ 2) 
connected to heating chamber (511) such that, irrespective of 
the temperature of the liquid, the pressure of the liquid is 
always greater than the vaporization pressure of the liquid. 

33. Process according to one of Claims 27 to 32, characterized 
in that it also consists in sterilizing the second pipe (2) 
and the connector (90), by bringing the second pipe (2) and 
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30. Process according to Claim 29, characterized in that the 
parameter representing the sterilizing value (P0) for the 
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sterilization treatment "applied to the liquid is the - 
sterilizing value F0, defined by: 

T<y)-121 . 

where 

- L is the length of the heating chamber (511) ; 

- S is the cross section of the heating chamber (511) ; 

- q is the flow rate of the liquid in the heating chamber 
(511) ; 

- T(y) is an equation of the temperature distribution in the 
heating chamber (511) - 

31. Process according to one of Claims 27 to 30, characterized 
in that it also consists in preventing the formation of 
bubbles in the liquid during the sterilization of the liquid. 

20 32. Process according to Claim 31, characterized in that it 

consists in pressurizing a part of the main circuit U, 2) 

connected to heating chamber (511) such that, irrespective of 

the temperature of the liquid, the pressure of the liquid is 
always greater than the vaporization pressure of the liquid. 



15 



25 



33. Process according to one of Claims 27 to 32, characterized 
in that it also consists in sterilizing the second pipe (2) 
and the connector (90), by bringing the second pipe (2) and 
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the connector (90 ) in contact with a sterile liquid at a 
temperature and for a period which are suitable for 
sterilizing this pipe (2) and this connector (90) - 



5 34. Process according to Claim 33, characterized in that it 
also consists in preventing the formation of bubbles in the 
liquid during the sterilization of the second pipe (2) and of 
the connector (90) . 

10 35. Process according to Claim 34, characterized in that it 
consists in pressurizing at least the second pipe (2), the 
connector (90) and a part of the discharge pipe (7) such that, 
irrespective of the temperature of the liquid, the pressure of 
the liquid is always greater than the vaporization pressure of 

15 the liquid. 

36. Process according to one of Claims 33 to 35, characterized 
in that it also consists in validating the sterilization 
treatment applied to the second pipe (2) and to the connector 

20 (90) . 

37. Process according to Claim 36, characterized in that it 
consists, in order to validate the sterilisation treatment 
applied to the second pipe (2) and to the connector (90), 

2S - in calculating a parameter representing the sterilizing 
value <FQ) for the sterilization treatment from a minimum 
value T of the temperature of the liquid, measured during a 
determined period of time t, at a point on the first discharge 
pipe (7) , and 
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the connector (90) In contact with a sterile liquid at a 
tem P er_ature_ and for a period which are suitable for 
sterilizing this pipe (2) and this connector (90)^ 

34. Process according to Claim 33, characterized in that it 
also consists in preventing the formation of bubbles in the 
liquid during the sterilization of the second pipe (2) and of 
the connector (90) . 

10 35. Process according to Claim 34, characterized in that it 
consists in pressurizing at least the second pipe (2), the 
connector (90) and a part of the discharge pipe (7) such that, 
irrespective of the temperature of the liquid, the pressure of 
the liquid is always greater than the vaporization pressure of 

15 the liquid. 

36, Process according to one of Claims 33 to 35, characterized 
in that it also consists in validating the sterilization 
treatment applied to the second pipe (2) and to the connector 

20 (90) . 

37. Process according to Claim 36, characterized in that it 
consists, in order to validate the sterilization treatment 
applied to the second pipe (2) and to the connector (90), 

25 - in calculating a parameter representing the sterilizing 
value (FO) for the sterilization treatment from a minimum 
value T of the temperature of the liquid, measured during a 
determined period of time t, at a point on the first discharge 
pipe (7), and 
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- in comparing the calculated value of the parameter 
representing the sterilizing value (F0) to a second threshold 
value F0min2 corresponding to the sterility of the second pipe 
(2) and of the connector (90) . 

5 

38- Process according to Claim 37, characterized in that it 
consists in controlling the pumping means (40) and/or the main 
heating means (SO) so that the calculated value of the 
parameter representing the sterilizing value (F0) for the 
10 sterilization treatment applied to the second pipe (2) and to 
the connector (90) is greater than the second threshold value 
F0min2 , 



39. Process according to Claim 38, characterized in that the 
15 parameter representing the sterilising value (F0) for the 
sterilization treatment applied to the second pipe (2) and to 
the connector (90) is the sterilizing value F0, defined by; 



20 



25 



FO=txlO 10 



where 

~ T = minimum value of the temperature of the liquid 

- t = period of time during which the minimum value T of the 

temperature of the liquid is measured, 

40, Process according to Claims 32 and 35, characterized in 
that it consists in pressurising the part of the main circuit 
(1, 2) connected to the main heating means (SO) by means of a 
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_ in comparing the calculated value of the parameter 
representing the sterilizing value (F0) to a second threshold 

value FOminY corresponding to the sterility of- the second pipe. 

(2) and of the connector (90) . 

5 

38. Process according to Claim 37, characterized in that it 
consists in controlling the pumping means (40) and/or the main 
heating means (80) so that the calculated value of the 
parameter representing the sterilizing value (FO) for the 
10 sterilization treatment applied to the second pipe (2) and to 
the connector (90) is greater than the second threshold -alue 
F0min2 . 

3d. Process according to Claim 38, characterized in that the 
15 parameter representing the sterilizing value (FO) for the 
sterilization treatment applied to the second pipe (2) and to 
the connector (90) is the sterilizing value F0, defined by: 



FO = t x 10 *° 
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where 

- T = minimum value of the temperature of the liquid 

- t = period of time during which the minimum value T of the 
temperature of the liquid is measured. 

40. Process according to Claims 32 and 35, characterized in 
that it consists in pressurizing the part of the main circuit 
(l, 2) connected to the main heating means (80) by means of a 
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first valve (36) with variable opening/ and in pressurizing at 
least the second pipe (2) , the connector (90) and a part of 
the discharge pipe (7) by means of a second valve (36) with 
variable opening. 

5 

41. Process according to Claim 40, characterized in that it 
consists in controlling/ at the end of a step of sterilizing 
■the first pipe (2) and the connector (90) , the gradual partial 
closure of the first valve (36) and the gradual complete 

10 opening of the second valve (37) . 

42. Process according to one of Claims 27 to 41, characterized 
in that it consists, at an initial stage of a phase of 
producing sterile liquid/ in causing a flow of the liquid in 

15 the main circuit (1/ 2) at a substantially constant flow rate, 
and in causing a flow of liquid in the discharge pipe (7) at a 
gradually decreasing flow rate, such that the flow rate of 
liquid available at the first outlet of the connector (90) 
gradually increases* 



20 



43- Process according to one of Claims 27 to 42, characterized 
in that the flow rate of the liquid to be sterilized is chosen 
so that the flow of the liquid is turbulent in the heating 
chamber (511) . 
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ABSTRACT 

A device for preparing a steriFe liquid; cbropri"ses- means foir 
validating a sterilization treatment applied to the liquid, 
comprising calculation means for calculating a parameter 
representing the sterilizing value (FO) for the sterilization 
treatment from the value for at least one operating parameter 
of the device (Q, Tin, THin, Tout, THout) , and comparison 
means for comparing the calculated value of the parameter 
representing the sterilizing value (FO) to a first threshold 
value FOminl corresponding to the sterility of the liquid. 
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